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Fire retardant concentrates and methods for preparation thereof.

(g) The present Invention is directed to an aqueous concen-
trate adapted to be diluted with water and used in fire control.
The concentrate exhibits a viscosity of less than about 2000
centipoise and containing between about OJSP/o and about 60/b
by weight a thickening agent and at least about 240/o by weight
of certain fire retardants. particularly diammonlum phosphate
diammonium sulfate, a blend of dlammonium phosphate and
diammonlum sulfate, a blend of monoammonium phosphate
and diammonium phosphate having a nitrogen to phosphorus^ ratio of at least about 1.25. and a blend of monoammonium^ phosphate, diammonium sulfate and diammonlum phosphate^ having a nitrogen to phosphorus ratio of at least about 125
Processes for the preparation of such concentrates and for use^ thereof are also disclosed.
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Description

FIRE RETARDANT CONCENTRATES AND METHODS FOR PREPARATION THEREOF

5
Background of the Invention

This Invention relates to chemical fire retardants and more particularly to concentrates adapted for dilution

with water to produce long-term fire retardant solutions comprising such concentrates.

An important method for controlling wildland fires involves dropping an aqueous fire retardant solution from

10 helicopter or fixed-wing aircraft onto timber or other foliage to form a chemical fire break in front of an

oncoming fire. Fire retardant mixtures adapted for release from fixed-wing aircraft are desirably of relatively

high viscosity, for example, about 1000 to 2000 centipoise, so that the mixture resists atomizing or spreading

out to form a thin, discontinuous layer as it falls from the aircraft. However, a mixture exhibiting too high a
viscosity is difficult to pump and may tend to form globules and so does not drop in fluid, continuous form to

15 create an uninterrupted fire break. While the particular viscosity at which this occurs depends on the particular

thickener incorporated in the mixture, it is typically preferred that the viscosity of the mixture be maintained

below about 3000 centipoise, and more preferably below about 2000 centipoise. On the other hand, if the

mixture is to be released by a helicopter, atomization of the fire control mixture is not as much of a problem
because the helicopter may hover close to the target. Thus, fire retardant mixtures adapted for release from a

20 helicopter typically are of a relatively low viscosity, generally about 50 to 250 centipoise.

Fire retardant mixtures employed In such fire control methods ordinarily comprise aqueous mixtures

containing between about SWo and about 20Wo by weight, usually between about lOO/o and about I60/0 by
weight, fire retardant. The retardant typically Is a composition that produces phosphoric acid or sulfuric acid

when heated. Common retardants are ammonium phosphate compositions and ammonium sulfate

25 compositions such as monoammonium orthophosphate, diammonium orthophosphate, monoammonium
pyrophosphate, diammonium pyrophosphate, triammonium pyrophosphate, tetraammonium pyrophosphate,

ammonium polyphosphate, substituted ammonium polyphosphate, amide polyphosphate, melamine poly-

phosphate, ammonium-alkali metal mixed salts of orthophosphate. ammonium-alkali metal mixed salts of

pyrophosphate, ammonium-alkali metal mixed salts of polyphosphate, ammonium-alkaline earth metal mixed

30 salts of orthophosphate, ammonium-alkaline earth metal mixed salts of pyrophosphate, ammonium-alkaline

earth metal mixed salts of polyphosphate, ammonium sulfate and blends thereof. So-called "liquid ammonium »

polyphosphates", as described in U.S. patent 3.730.890 (Nelson), are also commonly used as fire retardants.

Such liquid ammonium polyphosphates are often used commercially as fertilizers and may be aqueous
mixtures of ammonium ortho, pyro, and polyphosphate and, optionally, also metaphosphate. Typical

35 formulations of such liquid ammonium polyphosphates contain IO0/0 by weight nitrogen and 34o/o by weight

phosphorus, or 11 0/0 by weight nitrogen and 37% by weight phosphorus.
Whereas fire suppressant mixtures rely solely on the water they contain to retard combustion, phosphate or

sulfate containing fire retardant mixtures are useful for relatively long-term fire retardancy and include water

primarily as a carrier for the fire retardant composition. Thus, long-term fire retardant mixtures continue to

40 function even after the free water they contain evaporates. Long-term fire retardant mixtures are discussed in

U.S. patent 4.145.296 (Fox et al.). U.S. patent 4,272.414 (Vandersall), U.S. patent 4.101.486 (Brooks et al.). U.S.

patent 3.350.305 (I-angguth et al.), U.S. patent 4,190,634 (Feller). U.S. patent 3.558.486 (Morgenthaler), U.S.

patent 3,364.149 (Morgenthaler), U.S. patent 3,342.749 (Handleman et al.). U.S. patent 3,338.829 (Langguth et

al.). U.S. patent 3,309,324 (Ungguth et al.). U.S. patent 3,293,189 (Morgenthaler). U.S. patent 3.275.566

45 (Langguth), U.S. patent 3.257,316 (Langguth et al.). U.S. patent 3.223.649 (Langguth). U.S. patent 3.024.100

(Langguth et al.). U.S. patent 3.024.099 (Martinson) and U.S. patent 2,526.083 (NIelson).

When such aqueous long-term fire retardant mixtures are used to assist In gaining control of a fire, the

retardant and the foliage coated by the retardant are heated. As an ammonium phosphate or ammonium
sulfate retardant is heated, ammonia is released, leaving phosphoric or sulfuric acid on the cellulose of the

50 foliage, whereupon a reaction is understood to take place and. as a by-product, water is given off as fire

suppressing steam. Thus, the compositions which act as retardants are salts or other compounds that release

phosphoric acid or sulfuric acid below the ignition temperature of cellulose. Aqueous fire retardant mixtures

are frequently prepared by mixing a solid powder form fire retardant mixture with water. Such mixtures may
also be prepared by diluting liquid ammonium phosphate with water.

55 Commonly, fire control mixtures further contain a gum thickener to modify the viscosity of the mixture. Low
viscosity mixtures contain a relatively lower proportion of thickener than do high viscosity mixtures. Some
typical gum thickeners are discussed in U.S. patent 3,634.234 (Morgenthaler). in U.S. patent 4,447,336

(Vandersall) and in U.S. patent 4,447.337 (AdI et al.). In addition, the mixture may contain corrosion inhibitors

and flow conditioners. Aqueous fire retardant solutions are frequently prepared by mixing a solid powder form
60 fire retardant composition with water. Typical flow conditioners, which are added to the powder form of the fire

control mixture to keep the mixture free-flowing, are tricalcium phosphate, magnesium carbonate, talc,

sodium silicate and finely divided, colloidal silica. Optionally, the aqueous fire control mixture may also contain

a colorant. The colorant may be a pigment such as iron oxide, which produces a red color, titanium dioxide *
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pigment, which produces a white color, or an ultra-violet sensitive dye dlsoerseri in hinrta«row»Kf i «
Since the mixture, as used in fire control, comprises a relative^ difute solS^n or S^^^^^^^^

ingredients and other auxiliary components in water it is moreSnrntou? J.
°^,s"spenslon of active

mixture in a relative^ conc^trated. llgSr andTss v^^lS^^^
concentrate form on site or as needed. Further. be^^LTXT^^ZXZur^o^^^^^ t7 T "^"'^

lack of manpower and the desirability of minimizing potentSmechSSr ^-^t^^uJn^' '^'J^T'have a concentrated liquid retardant composition which caJbe me^ird 1^^^^^^^
powder composition which must be mixed ^ *y

INctertng agen, a,^ ™, „„, ,„c,uc,s „,

Summary of the Invention

adiSLSToTe SJi^iij t^f^^sS contrii" ''"r^^ " ^""^"^ ''--"^-^^
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agent produces a mixture having a viscosity less tinan about 1000 centipoise. The mixing is carried out in a
manner such that the concentration of fire retardant composition in the aqueous phase remains above about
300/0 by weight during the entire mixing process.

The present invention is also directed to a novel method for preparing an aqueous concentrate that is

5 adapted to be diluted with water and used In fire control, wherein the method comprises mixing a solid

particulate fire retardant composition with water to produce a concentrate exhibiting a viscosity of less than
about 2000 centipoise and a concentration of solids derived from the fire retardant composition of at least

about 300/0 by weight of total concentrate. 40 parts by weight total fire retardant composition containing

between about 1 and about 3 parts by weight of a thickening agent and between about 34 and about 38 parts

10 by weight of a fire retardant. The fire retardant Is selected from the group consisting of diammonium
phosphate, diammonium sulfate, a blend of diammonium phosphate and diammonium sulfate, a blend of

monoammonium phosphate and diammonium phosphate having a nitrogen to phosphorus ratio of at least

about 1.25. a blend of monoamonium phosphate, diammonium sulfate and diammonium phosphate having a
nitrogen to phosphorus ratio of at least about 1.25, and a blend of such fire retardant with polyammonium

75 phosphate. In the method, mixing being carried out in a manner such that the concentration of fire retardant

composition in the aqueous phase remains about about 300/o by weight during the entire mixing process.

The present invention is also directed to a novel multiple step method for preparing an aqueous concentrate
that is adapted to be diluted with water and used in fire control. In the method, first a solid particulate fire

retardant is mbced with water to produce a retardant solution having a concentration of solids derived from the
20 fire retardant of at least about 240/o by weight of solution. The characteristics of the fire retardant component

are such that (a) the fire retardant releases phosphoric acid or sulfuric acid or both at a temperature below the
ignition temperature of cellulose; and (b) mixing of one part by weight of the fire retardant component with

between about 6 and about 20 parts by weight water and between about 0.02 and about 0.2 parts by weight
thickening agent produces a mixture having a viscosity of between about 1000 and about 3000 centipoise; but

25 (c) mixing of one part by weight of the fire retardant component with less than about 4 parts by weight water
and between about 0.02 and about 0.2 parts by weight thickening agent produces a mixture having a viscosity

less than about 1000 centipoise. Thereafter, a composition comprising a thickening agent is mixed with the
solution to produce a concentrate comprising at between about 0,750/o and about 60/o by weight thickening
agent and exhibiting a viscosity of less than about 1000 centipoise.

30 The present invention is further drawn to such method wherein the fire retardant is selected from the group
consisting of diammonium phosphate, diammonium sulfate, a blend of diammonium phosphate and
diammonium sulfate, a blend of monoammonium phosphate and diammonium phosphate having a nitrogen to
phosphorus ratio of at least about 1.25, a blend of monoammonium phosphate, diammonium sulfate and
diammonium phosphate having a nitrogen to phosphorus ratio of at least about 1.25. and a blend of such fire

35 retardant with polyammonium phosphate.
The present invention is also directed to methods of preparing fire retardant mixtures from such

concentrates and to methods of controlling fires with such mixtures.

Description of the Preferred Embodiments
40 In accordance with the present invention, it has been discovered that an aqueous fire retardant concentrate

can be prepared, having a moderate viscosity despite the presence of a thickener, by maintaining the
concentration of fire retardant in the concentrate at a high level. More particularly, it has been found that, by
maintaining the concentration of certain fire retardants above about 240/o by weight, the viscosity of the
concentrate is controlled at less than about 2000 cps, even in the presence of 6o/o and possibly as much as

45 500/0 by weight of a thickening agent.

Ordinarily, the viscosity of a mixture would be expected to increase with increasing concentration of

thickener or other high-viscosity components. And. as expected, it has been found that increasing the
concentration of fire retardant in an aqueous fire control mixture from about lOO/o to 200/o by weight (while

maintaining a constant thickener to retardant concentration ratio), increases the viscosity of the mixture.

50 Surprisingly and seemingly inexplicably, however, it has been discovered that the concentrate of this

invention, which has a fire retardant concentration of at least about 24o/o by weight and a thickener
concentration of between about 0.750/o and 60/o by weight, not only has a viscosity that is not appreciably
higher than that of the diluted mixture ultimately used in fire control, (50/o to lOo/o by weight fire retardant and at

most about 0.30/o byweight thickener) but typically the concentrate has a much lower viscosity than the diluted

55 mixture. Yet this phenomenon has been found not to be determined by the pH of the concentrate, and has
been observed only for certain fire retardants. For example, if the fire retardant in the concentrate is

monoammonium phosphate with an N/P ratio of less than 1 J25, the viscosity of the concentrate is very high.

However, if the retardant in a concentrate of the same pH is diammonium sulphate, the viscosity of the
concentrate is relatively low. It has been found that the concentrate of this invention has a viscosity far below

60 2000 centipoise. typically below about 350 centipoise and often below about 50 centipoise.
Therefore, the concentrate of this invention avoids the pumping and handling problems that are

encountered with mixtures of viscosities above about 2000 centipoise. In addition, the aqueous concentrate
tends to disperse into mixture during dilution more readily than does powder. Accordingly, the concentrates of
this invention require less meticulous metering of water than is required for ordinary powder concentrates.

65 Also, since the concentrate includes thickener and. optionally, other additives, the only ingredients necessary
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on-site to produce a fire control retardant ready for application are the concentrate and waterGenerally, it has been discovered that addition of thickener to an aqueous miXe contwnn « «i«fh,.K,high concentration of certain fire retardants surprisingly produces a mSura 1 ^^^^^
containing substantially lower concentrations S ret^dT^TthlS ; t ^^^^^^^^
retardant concentration is maintained at a high level, added thickener does not art to stanStlv Sicre^e 5aviscosity of the mixture, but instead tends to settle in a sand-like form, remains suSendec^TiSSoW^form, or nses to the surface of the mixture. I^ore particularly. It has been found tharcertLn flrriS^e^teproduce mixtures exhibiting viscosities of between about 1000 and about 9rvir^^Jn«L. u

'^^^^'^danjs

weight Of the fire retardant is mixed with between ^7ut oSnd ^otS? I^rt^ bySttS^^^^^^^^and between about 6 and about 20 parts by weight water Yet these smSf^iL^S^^
exhibmng viscosities below 1000 centlpoise Ihe^ol pa^^y^^^^^^^^
amount of thickening agent, but less than about 4 partsVyweSt rnte? iSitet a stniJ^n^ t

TeagSir""^ °^ ^'^^ ^^^'^"^ ^-rrfard^^'idVprfrap^^^^^^^
Simiiariy, the same phenomenon of decreased viscosltv with increased thirkonpr ^nnr.o«»..«*i«- u u

obsen^ed When suchflre retardants are incorporated infire^S;;!^^^^^^^^^

LTw«r t? f""^"'"'
*° ^'9' '""'^^^^^ «d«Pted for delh^rbyS-SHowever, the lower viscosity mixtures contain lower levels of thickener Thus for the lowL hI^J^J^, ™- f

Which are adapted for delivery by helicopter, the fire retaldSlS';^^^^^^^^
behveen about 50 and about 250 centipoise when one part by weight of the fire retardmVt if J^X^rt^y.

by weight water However, the fire retardant produces a mixture exhibiting a viscosity betow «) centiSp
^h™?tT r.'^ ""^I!:'

'""'^'^ •^^ ^^"^ ^ thicSg agenr St lessabout 4 parts by weight water. Clearly, therefore, this is a significant advantage In DreD^ina a^d hanrtu^
concentrates of high viscosity fire control retardants adapted for appliSn by SroX '

The fire retardants of the concentrates and Are control retardants of the invention are comoounds or a

Lon'^Th ^^-^r
thereby releasing a mineral acid, such as phosphoric acid or sumjriJSAmong the various ftre retardants typically used in fire retardant mixtures and Shich might be uSd in tt^concentrate of this invention are monoammonium orthophosphate, diammonium orthoThosD^^^^^^

^rr"'"*" Py^Pf^o^Phate. triammomum pyrophosphZTetiSmo^^

m.ZJri ;.lnh °"r.
P°'yPh°=Ph«»«- substrtuted ammonium pofphosphate. amidT^ZhospS^melamine polyphosphate, ammonium-alkali metal mixed salts of orthophosphate ammonium-alkali nStti

tZnUr P^'yP^^^P"^'^*^ <>a»«d polyammonium phosphate, and comm^coLnroS;
h^nH „f k'' h"^^*'

metaphophates. and the alkali metal equivalents therecS S we^^. a

??-3S-0 f3St%K^'' H^"°'l^^
are often referred to Tl^.^lI^^^T

ISiJ^: t Z ^ "u^-
^'^^ the percentage of nitrogen in ttebtend the

jiSh^The'S
'^'^^^^^^^

SpecrficalV. it has been found that diammonium phosphate (DAP) and diammonium sulfate fDASl mav h«employed as the Are retardant in the concentrates of this invention, but that ^e rSto-dant^m^^^^monoammonium phosphate (MAP) produces a concentrate of the alcove dIsouSed LsSpJipe^^^^^^^^^^^
If It IS combined wi h another retardant. particularly DAP. No explanation has b^en dtecove^tSSSnwKconcentrate containing MAP and no other fire retardant has a high viscosityi use orda?^1«

MAP «nrf nfSI! ? •
°^ "^'^"^ ^™ retardants available. Typical commercial blends oomDriS^ k™'^^!" about 1 :9. One particular blend contains about 30weight DAS and about 9 parts by weight MAP per 1 part by weight DAP. rtl^asbeSnd hS^^eftffior^

X«?n concentrate to have a viscosity below about 2000 centipoise. the CoSrateZu'l^SnSiJat least 0.3 mole DAP per mole of MAP. The MAP:DAP ratio tends to affec the pH erf concenCe^^^^^^

crStrLrgTpt^^^^^^^^

:d^rti~
addiL'''°

P°'VPf'-Phates. water and various impurities. bS nS thic'keninJ^t or oSenZS
When solid, particulate retardant is to be incorporated in tt,e concentrate of this Invention, ttie retardant may
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first be mixed with water. In a separate step, a solid particulate premix comprising tliickener and other

additives, is mixed with the water with which the retardant was mixed. Thus, in this process, as will be
discussed in more detail below, the solid, particulate fire retardant is added independently, and before the

thiclcener. It is also possible to simultaneously add the thickener and retardant to water under agitation.

5 Therefore, the solid, particulate form of fire retardant may be combined with the thickener and other additives

to form a dry solid, particulate fire retardant composition for mixing with water. Such dry solid, particulate fire

retardant composition may contain between about 85% and 95o/o by weight fire retardant, between about

2.50/0 and about 7.50/o by weight gum thickener, between about IQ/b and about 50/0 by weight corrosion

inhibitor, up to about 4o/o by weight color pigment and other functional components as desired.

10 The thickening agent of the composition of this invention may be any of a number of thickeners, including

standard gum thickeners such as galactomannan guar gum compositions. The thickening agent Is employed
to maintain the viscosity of the diluted fire retardant solution, for example, at between about 1000 centipoise

and about 2000 centipoise for aerial bombardment from fixed-wing aircraft, or between about 50 centipoise

and about 250 centipoise for aerial bombardment from helicopter. The thickener should make up between

15 about 0.750/0 and about 60/0 by weight of the concentrate. Since addition of thickener to the concentrate of this

invention does not produce the expected thickening action, the thickener concentration in the concentrate

can be even higher, but the specific concentration depends on the viscosity desired In the diluted mixture.

Thus, the thickener concentration in the concentrate for fixed-wing aircraft applications should be between
about 1.90/0 and about 60/0 by weight of the concentrate to produce an expanded mixture upon dilution

20 exhibiting a viscosity of between about 1000 cps and about 2000 cps, and comprising about O.80/D or O.90/0 by

weight thickener. The thickener concentration in the concentrate for helicopter applications should be
between about 0.25o/o and about 2o/c by weight of the concentrate to produce an expanded mixture upon
dilution exhibiting a viscosity of between about 50 cps and about 250 cps. and preferably Is between about
0.280/0 and about 0.36o/o by weight thickener.

25 The composition of this invention may also contain a pigment such as iron oxide, which produces a red

color, titanium dioxide pigment, which produces a white color, or a fugitive pigment which fades upon
exposure to the elements. These colors aid a firefighting pilot by enabling the pilot to see where fire retardant

solutions have already been dropped. On the other hand, for certain uses, particularly along roadsides or in

parks, it may be preferable to exclude any colorant from the mixture. The concentrate would contain as much
30 color pigment as would be required for visibility upon dilution. Thus, the amount of pigment depends on the

degree of dilution contemplated.

Other ingredients commonly included in low concentrations in fire retardant mixtures are flow conditioners,

such as tricaicium phosphate, magnesium carbonate, talc, sodium silicate and finely divided colloidal silica,

added to keep the powder form of fire retardant composition free-flowing; and defoaming and antifoaming

35 agents, such as polyalkylene derivatives of propylene glycol. Each of these additives may be present in minor
amounts, about O.30/0 to about I.50/0 by weight, in the concentrate.

In addition, various impurities are often found In such concentrates and resulting fire retardant mixtures.

Certain of these impurities, such as ferrous ions, are believed to result in variation of the viscosity of the

concentrates of this Invention over a storage period of days or months. In addition, the instability believed to

40 be brought on by such impurities may be manifested in significantly lower viscosity of fire retardant mixtures

prepared by diluting concentrates stored for several days or months. Consequently, it is desired to maintain

the concentrations of these impurities to a minimum since concentrates contaminated with these impurities

and stored for several months might not produce fire retardant mixtures of acceptable viscosity. Thus, if a
concentrate is Intended to be stored for long periods of time, it is preferred to use a fire retardant of essentially

45 pure or technical grade as opposed to, for example, fertilizer grade.

The ferrous ions are believed sometimes to result from certain methods of production of the fire retardant.

but also result from corrosion by certain fire retardant concentrates or mixtures of iron or steel holding tanks.

Since the ferrous ions are believed to impair the stability of the concentrates and fire control retardants

made therefrom, when the concentrate or related mixtures are to be stored in iron or steel tanks, It is preferred

50 that small amounts of corrosion inhibitors (usually less than about 0.1 0/0 by weight), such as sodium
silicofluoride, dimercaptothiadiazole and/or sodium thiosuifate, be added to the concentrates of this invention

to minimize the iron introduced into the concentrate from corrosion.

The water used In formation of the aqueous concentrate and in dilution of the concentrate may be tap water
or waterfrom other convenient water sources. Due to the potentially long periods of storage and the danger of

55 bacteria growth supported by the gum thickener (which typically is a polysaccharide), It may be desirable that

the water be substantially bacteria-free. Accordingly, it may be desirable to add a bacteriocide, such as sodium
silicofluoride in a proportion of about 0.900/o by weight sodium silicofluoride in the concentrate. The
bacteriocide may be added to the water either before, after or simultaneously with Incorporation of the fire

retardant and thickener. However, the aqueous mixtures of this invention tend to have high ionic strength, so it

60 is believed that use of bacteria-free water or a bacteriocide is not always necessary.

Thus, the aqueous concentrate of this invention contains at least about 240/o and as much as about 75o/o by
weight fire retardant, between about 0.750/o and about 60/0 by weight thickening agent, minor amounts of other

additives as discussed above, and exhibits a viscosity below about 2000 centipoise. When a fire retardant

solufion for helicopter delivery is prepared by diluting a concentrate of appropriate composition with enough
65 water to lower the concentration of the fire retardant to between about 50/0 and 2OO/0 by weight of the mixture, *

6
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the mixture obtained exhibits a viscosity between about 50 centipolse and about 250 csntinok^ wh^n =control retardant for fixed-wing aircraft deliverv is oreoared in e rr,mna,^wl
centipoise. When afire

exhibits a Viscosity between aU 1000 CBZoireS^t^l/^'^^^^r"' ""^^"^

The aqueous concentrate of this Invention should be orGDared hv mivinr, * ^ . . ^

moderate range of between about 15o/o and about 23orbywS SK.^ ^0^^^^ m " * ^omewhat

mixtures d^icult to harjdie and to pump. It has beenflS o'^^^^^^^
the process of preparing the concentrate. Increasing the concentration J^lStes t^tht Le^^^^^concentrates of this invention is not effective for reducing the viscosity toVheS r^nes^hSte tf ^!desired cocentrations are maintained throughout the mix^q orocess Thus it k notTo^o^Ki ^ ^

thicl<ener With water and then add that premlxture to^t^g'h'S^Treter?^^^^^
would be a thick paste or solid if the premixture contained a high enough SeneJl:o^^^^^^^^proper resulting thickener concentration is reached upon dilution of the oremSS r^tt^Honf/ I

*

Several techniques may be used to maintain Ihe concentration above 240/0 throuXutTh?^ddltfnn of

I'r'*T '^^^^^

process, in a retardant composition concentratiln S^e^hS
The preferred techniques, particuiariy when carried out with agitati^S^^r^S^i^^w n't hinh

mmmmmmi
retardant composition d recthr to a full volume fire mtflrHflnt e«i..ti^« u

^' """^'"9 « Powaerea Tire

de?Slon'Slx^Xf' """^ ^" ''^^^'"^ ^P-"^ ^""owns

EXAMPLE 1

be. 70 centipoise (ops). Another sample of the same low viscosity, high proportion DAP fire retardarrt
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composition was mixed with water to form a 400/o by weiglit concentrate. Tlie viscosity of the solution

measured 10 minutes after mixing of this concentrate was measured with a Brookfieid viscometer operating at

60 rpm and was found to be about 22 cps. A portion of the concentrate was then diluted with tap water to form

a mixture comprising I6.10/0 by weight solids derived from the composition. The 10 minute viscosity of this

5 mixture was found to be about 112 cps. The viscosity of the remaining concentrate remained 22 cps when
measured at a later time.

EXAMPLE 2

Nine samples {labeled a through i) of various weights of high viscosity, dry, high proportion DAP fire

10 retardant composition were measured and each sample was added rapidly to water (each sample added to 350

mi) with rapid agitation. The resulting mixtures were stinred for five minutes after addition of the samples. The
mixtures then sat undisturbed for five minutes. The viscosity of each mixture was then determined with a
Brookfieid viscometer operating at 60 rpm using a No. 4 spindle.

Three more mixtures were prepared as above, but instead of the high viscosity, high proportion DAP fire

15 retardant composition, the following compositions were used. For mixture j, the composition comprised the

following:

(1) monoammonium phosphate (N/P ratio of 1.0 to 1.06) (204.6 gm)

(2) gum thickener (hydroxypropyl guar gum derivative) (18,1 gm)

(3) premix (10.6 gm) containing by weight: 44.4o/o tricalcium phosphate 6.70/0 mercaptobenzothiazole

20 4.40/0 sodium molybdate 22.20/o iron oxide 22.30/o thiourea

For mixture 1, the composition comprised the following:

(1) monoammonium phosphate (N/P ratio of 1.0 to 1.05) (306.95 gm)

(2) hydroxypropyl guar derivative (27.1 gm)
(3) premix (15.9 gm) ofthe above proportions.

25 For mixture k, the composition comprised the following:

(1) diamrTlonium sulfate (306.95 gm)
(2) hydroxypropyl guar derivative (27.1 gm)

(3) premix (15.9 gm) of the above proportions.

The following results were obtained:

30

Concentration of Weight of 10 min.
dry composition dry composition viscosity

Sample (% by weight) (gm, in 350 ml) (cps)
35

a (DAP) 12.0 47.9 1863

b (DAP) 13.1 52.7 2040

40
c (DAP) 17.0 71.8 4203

d (DAP) 25.5 119.8 8473

e (DAP) 30.0 150.0 350

45
f (DAP) 40.0 233.3 113

g (DAP) 50.0 350.0 less than 50

h (DAP) 60.0 525.0 less than 50

SO
i (DAP) 70.0 816.7 167

j ( MAP

)

40.0 233.3 above 10,000

k (MAP) 50.0 350.0 could not mix

55 1 (DAS) 50.0 350.0 about 100

EXAMPLE 3

The mixtures of Example 2 were stored in tightly capped jars for about forty hours. Then a sample of each
mixture was diluted with some agitation to a 12o/o solution as might be used in fire control. The viscosity of

each diluted mixture was measured by the procedure of Example 1 with the following results (the 40 hr. vise, is

the viscosity of the mixture before dilution to a 12% solution, but after sitting for forty hours; the 10 min. vise, is

the viscosity ten minutes after dilution; and the 2 hr. vise, is the viscosity two hours after dilution):

8
5
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Sample mix- Diluting 40 hr. 10 min. 2 hr
q^mr^io

Water wgt. vise. vise. vise*fa^^ _J^E^ (CHSI.
b (DAP) 201.4 17 5 on^in i etc
c (DAP) 210.9 87.1 4 6 g! HVjd (DAP) 187.8 210.1 95Qn i^/^
e (DAP) 159.7 238^ III' Hi] HHf (DAP) 119.8 278.1 120

"
g (DAP) 95.8 302:i below' HH J?^

x(DAP) 68.4 329.5 below 50 29^?

k (MAP) solid
^ 95.8 302.1 below 50 2377 2415

Sample I was rerun with the dilution performed without agitation. The concentrate was stirred into water anH

ft
The viscosity ten minutes atter dilutionwi^nd t^be m?^cT^^ ^3the viscosity two hours after dilution was found to be 2040 ops. Sample i was again rerun wtth m« Hitnt^performed with agitation. The viscosity ten minutes after dilution was found7^68^1 8 cr^S th^vteJn^^two hours after dilution was found to be 1833 cps.

^ viscosity

EXAI^PI^ 4

57.20/0 colloid thickener (a polysaccharide guar gum)
16.40/0 tricalcium phosphate
2.30/0 mercaptobenzothiazole
1.50/0 sodium molybdate
5.70/0 dimercaptothiadiazole

3.70/0 sodium sllicofluoride

12.10/0 fugitive color

10/0 polyalkylene derivatives of propylene glycol

SL"'uTeT
^ ^'^^^'^"^ "^""P' '""^ (2283 lbs. as opposed to 2660 lbs.)

^.^^ prepared by dissolving dry powder IWAP (1069.6 lbs.) and dry powder DAP (713 5 lbs \ in

2.80/0 mercaptobenzothiazole
1.80/0 sodium molybdate
6.80/0 dimercaptothiadiazole

4.40/0 sodium silicofluoride

14.50/0 fugitive color

1.40/0 polyail<ylene derivatives of propylene glycol

° ""^^ '^""^ "^"^P* '"^^ ^^^^^ (^^^ ^? opposed to 2760^bs.)

The concentrates were stin-ed or shaken to increase the homogeneity, and an aliquot samole was wfthrimwnfrom eacfi concentrate. Under agitation, each sample was then diluted wrth^SrS S^fo^n^^^^^pounds of concentrate perpound of watenfo^
of the concentrates and the diluted mixtures are shown In the fo lowina tabL an'^^^o^^^
con^esponding exemplary requirements set forth by the government S t^

*°
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Concentrates

ITALY A B C D

Phosphate Content

(% wgt) min* 21.6 21.6 23.5 21.6 23.5

Viscosity (cps

at 20°C) max. 2000 19 22 20 22

Viscosity (cps

at 5^C) max. 2000 24 26 24 25
3

Density (gm/cm ) 1.15-1.35 1.25 1.26 1.24 1.26

Iron oxide (% wgt) 0.4-0.8 0 0 0 0

Pouring Time (%

at 40°C) min. 97 - 99,5 - 99.6

Pouring Time (%

at 5 *^C) min. 95 - 98.5 - 98 .9

Diluted Mixtures

ITALY A B

Phosphate Content

{% wgt) min. 5.4 5.4 5.4 5.4 5.4

Viscosity (cps

at 20^0 1000-2000 1606 1563 1580 1581

Viscosity (cps

at 5**C) - Pass Pass Pass Pass

Density (gm/cm^) 1.05-1.10 1.06 1.06 1.06 1.06

Solution pH 6.0-8.0 6.0 6.0 6.0 6.0

Stability at 20^C * Pass Pass Pass Pass

45 *Appearance only; absence of crystals or visible separ-

ation in 48 hours.

The viscosity stability of the concentrates was also measured. Each of the concentrates were separated into

sannples, one sample stored at 40° F. one at 72' F and one at 90** F. The 1 0 minute viscosity was measured with

a number two spindle at various times and the results are shown in the following table:

10
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Viscosity (in cps) after
Cone. Temp. 10 min. 24 hrs. 7

A 41 24 25
A 72 24 31
A 90 24 18
B 41 27 29
B 72 27 31
B 90 27 20
C 41 25 28
C 72 25 20
C 90 25 18
D 41 25 27
D 72 25 20
D 90 25 20

Samples of concentrates B and D were stored at 74'F for various lengths of time and then were diluted to
f?re control application strength. The viscosities measured for these mixtures and the percentage of viscosity
lost from that found for the mixture made from concentrate stored only 10 minutes were as follows:

^

From Concentrate B From Concentrate D
Storage Ti'me Viscositv( cps) % Lost Viscositv( cps) % r.rT^h

10 min. 1606 - 1616 ss
27 days 1563 3 1450 lo
42 days 1580 2 1640 gain 1

150 days 1581 2 1403 13
150 days

(repeat) 1431 11 1442 11
^

days 30 days 150 davs
25 24 26
19 19 19
19 22 22

c

25 26 28
20 22 22
20 20 20
22 24 27 10

18 20 20
19 18 18
25 25 27
19 22 21
19 17 17 15

EXAMPLE 5

Concentrated thickener-free, high DAP concentration fire retardant solution was obtained and analyzed
The solution was of low quality grade (i.e., high concentration of Impurities)

, cloudy and yellowish had a pH of.
6.95. a phosphate (In the form of P2O5) concentration of 19.71o/o by weight and a ferrous ion content of
0.0700/0 by weight. Hydroxypropyl guar thickener (6 gm.) was added to a sample (200 gm.) of the solution to
produce a suspension exhibiting a viscosity of 40 centlpolse. Dilution of the suspension by addition of enough
water to lower the phosphate ion concentration to 5.460A) by weight produced a thickened mixture but the
results were not consistently reproducible. It is believed that the inconsistent results are attributable to
inadequate thickener dispersion. In addition, it was found that the viscosity of the diluted mixture dropped from
1000 or 1 SOO cps to 100 or 200 cps within a few days. It is believed that this viscosity instability is causeid by the
high ferrous ion content of the thickener-free solution sample.
A second sample (97.3 gm.) of the low quality grade thickener-free solution was mixed with water (2476gm

)
and a premix comprising gum thickener (3.165 gm.). sodium sillcofluoride (0.95 gm.). sodium thiosulfate

(0.316 gm.). mercaptobenzothlazole (0.127 gm.). fugitive color (0.675 gm.). tricalcium phosphate (0 844 qm

)

and antifoaming agent (0.063 gm.) to form Mixture 1. Another sample was neutralized by adding aqueous
ammonia (about 1 .4Vo by wreight) to Increase the pH to 7.9. The neutralized sample (100 gm.) was mixed with
water (244.9 gm.) and the same amount of premix as used to make Mixture 1. The resulting mbcture was
labeled Mixture 2. The viscosities of the two mixtures were measured with Brookfield Viscometer Model LVF at
60 rpm and spindle number 4 at various times after dilution and the results were as follows-

Time after dilution
Viscosity
Mixture 1

(cps) of:
Mixture 2

10 minutes 1633 1480
1 day 1570 1570
2 days 1300 1523
7 days 670 1380

16 days 270 1203

Thus, it appears that neutralization may reduce the observed Instability.
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Two more samples. A and B. of the thickener-free fire retardant solution were obtained. The pH of one

sample. Sample A. was increased to 8.0 by bubbling anhydrous NH3 into the liquid with agitation. Each sample

was mixed with a premix to form a sample containing the fire retardant solution (94.84o/o by weight), gum
thickener (3.090/o by weight), sodium silicofluoride (0.930/o by weight), sodium thiosulfate (0.31o/o by weight),

mercaptobenzothiazole (0.12% by weight), fugitive color (O.660/0 by weight) and antifoam (O.050/0 by weight).

Sample A was separated Into Samples A-1 . A-2 and A-3. To Sample A-2 was added Na4Fe(CN)6 to produce a

concentrate containing 1.41<Vb by weight Na4Fe(CN)6. To Sample A-3 was added Na4Fe(CN)6 to produce a

concentrate containing 4.230/o by weight Na4Fe{CN)6. The viscosity of the concentrates was measured

periodically. The results are shown in the following table:

Viscosity (cps)

Time after prep'n A-1 A-2 A-3 B

15 10 minutes 53 53 53 53

3 days 50 47 50 50

11 days 97 100 97 67

The pH of each sample was measured after 12 days. All Sample A concentrates had a pH of 7.5, while the

Sample B concentrate had a pH of 6.95.

Samples from each of the concentrates were obtained periodically after preparation of the concentrates.

These samples were diluted and the 10 minute viscosity measured. The results werfe as follows:

Viscosity (cps)

Lenqth of Cone. Storaqe A-1 A-2 A-3 3

0.5 hour 1890 1373 1400 1503

3 days 1833 1407 1300 1430

11 days 1763 1367 1327 1327

% of viscosity lost

:

6.7 0.4 5.2 11.7

When the diluted solutions were stored for 12 days, it was found that the diluted solution from Samples A-1

lost 14.30/0 of its viscosity, the diluted solution from Sample A-2 lost 10.4Q/b of its viscosity, the diluted solution

from Sample A-3 gained 6.20/0 of Its viscosity, and the diluted solution from Sample B lost 70.6O/0 of its

40 viscosity.

EXAI^PLE 6
In experiments conducted to investigate methods of ameliorating the effects of the impurities in the

thickener-free fire retardant concentrates, a sample (10 quart) of the low quality grade thicl<ener-free

4S concentrate as described In Example 6 was divided Into 19 aliquots (418.9 gm. each). Some of the aliquots

were treated with ammonium hydroxide until a desired pH was obtained. Hydrogen peroxide (71.7 ml. of 30/6

solution) was added to some of the aiiquots, and the aliquots left to set for one hour. Distilled waterwas added

to ali the aliquots to increase the total weight of each aliquot to 475.4 grams. Then premix (24.3 g,.), containing

thicl<ener (15.00 gm.), fugitive color (2.70 gm.), mercaptobenzothiazole (0.60 gm.). sodium silicofluoride (4.50

50 gm.) and sodium thiosulfate (1.50 gm.) plus other additives as shown in the tables below, and polyalkylene

derivative of propylene glycol were added to each aliquot After mixing, the 10 minute viscosity of each aliquot

was measured. Then, the aliquots were homogenized by agitation and a portion (120 gm.) of each aliquot was
removed and stored. Five minutes after the viscosity measurement, distilled water (276.9 gm.) was added to

each aliquot and the 10 minute viscosity of the diluted aliquots was measured. The stored aliquot portions as

55 well as the diluted aliquots were monitored for viscosity stability. Periodically, samples of the stored aliquot

portions were diluted and the 10 minute viscosities measured. The results are shown in tables I, II and III.

60

65
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EXAMPLE 7
Two thickener-free, low quality liquid concentrate samples were obtained. One of the samples was filtered in

an effort to eliminate impurities. Analysis of the unfiltered sample (Sample 1) indicated that it contained by
weight 23.590/o P2O5. 8.770/o NH3. 2.470/o SO4 and 100 ppm Fe+2. had a pH of 6.50. had a specific gravity of

5 1.292 l<ilograms per liter and had a nitrogen to phosphorus molar ratio of 1.55. Analysis of the filtered sample
(Sample 2) indicated that it contained by weight 23.390/o P2O5. 8.420/o NH3. 1.230/0 SO4 and 89 ppm Fe+2, had
a pH of 6.38. had a specific gravity of 1.266 l<ilograms per liter and had a nitrogen to phosphorus molar ratio of

1 .50. The analyses, therefore, indicated that the samples were about 40o/o by weight mono and diammonium
phosphate in 1 :1 molar ratio. The unfiltered sample was greenish brown, the filtered sample was yellow and

10 both samples contained considerable quantities of fine, nearly colloidal insolubles. It appeared that the
samples were prepared from wet-acid grade phosphoric acid.

A third sample (Sample 3) was prepared by dissolving dry solid, particulate DAP (1 kg,] In distilled water
(1.34 liters). The third sample contained 23.130/o by weight P2O5 and had a pH of 6.80.

The samples were each diluted and mixed with other components to adjust the complete liquid concentrate
15 formulation to a 40o/o solids containing solution of 18.530/o P2O5. thereby forming mixtures of the following

contents (concentrations shown in weight percent):
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25

30

45

50

55

60

65

Adjusted Adjusted Adjusted
Component Sample 1 Sample 2 Sample 3
Sample 80.67 80.11 80.11
Added Water 14.29 14.85 14.85
Hydroxypropyl guar 3.06 3.06 3.06
Sodium silicofluoride 0.92 0.92 0.92
Sodium thiosulfate 0.31 0.31 0.31
Thiotax MET 0.12 0.12 0.12
Fugitive Color 0.55 0.55 0.55
Pluronic 0.08 0.08 0 .08

To study various methods of ammeliorating the deleterious effects of Impurities, further samples were
prepared by adding ammonia to aliquots of the above samples to adjust the pH to the levels indicated in the
tables below.

35 All samples were stored for 531 days at 23.3° C. Periodically during the first 74 days the samples were stin-ed

to assure homogeneity and an aliquot removed and diluted to end-use concentration by mixing the aliquot (80
gm.) with water (191 gm.) and stirring for five minutes. The viscosity of the diluted samples was measured ten
minutes and 24 hours after dilution. Viscosity was determined at ambient temperature with a Model LVF
Brookfieid viscometer fitted with a No, 4 spindle rotating at 60 rpm. A final dilution and viscosity measurement

40 was made 513 days after initial preparation of the sample. The following table illustrates the viscosity measured
for the undiluted samples over time:

Sample Viscosity ( cps) after storage :for (days):
Sample £H 0 1 12 25 47 74 513
Unfiltered 6.6 130 47 97 80 100 87 below 100
Unfiltered 7.1 128 80 103 100 132 115 below 100
Filtered 6.4 53 200 153 103 128 90 below 100
Filtered 6.9 73 130 150 90 117 97 below 100
#3 (DAP) 7.8 80 130 130 80 130 110 below 100

The following table illustrates the 10 minute viscosity of the aliquots removed from the above described
concentrates and diluted to a final end use concentration.

16
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(days)

:

Sample pH 0 l 12
Unfiltered 6.6 1550 1523 1610
Unfiltered 7.1 1550 1607 1433
Filtered 6.4 1543 1393 1243
Filtered 6.9 1543 1477 1323
#3 (DAP) 7.8 1570 1583 1607

after storage for

25 47 74 513
1201 940 864 547
1 ? 7 n 1127 970 690
1055 850 605 340
1032 1008 827 550
1544 1485 1450 1190

In view of the above, it will be seen that the several objects of the invention are achieved and other
advantageous results attained.

Claims

10

IS

1. An aqueous concentrate adapted to be diluted with water and used in fire control, said concentrate
exhibiting a viscosity of less than about 2000 centipoise and containing between about 0.750/o and about 20
60/0 by weight a thickening agent and at least about 240/o by weight solids derived from a fire retardant
selected from the group consisting of diammonium phosphate, diammonlum sulfate a blend ofdiammonium phosphate and diammonium sulfate, a blend of monoammonlum phosphate and
diammonium phosphate having a nitrogen to phosphorus ratio of at least about 125 a blend ofmonoammonium phosphate, diammonium sulfate and diammonium phosphate having a nitroqen to 25
phosphorus ratio of at least about 1 .25. and a blend of such fire retardant with poiyammonium phosphate
2 A concentrate as set forth in Claim 1 wherein the fire retardant is selected from the group consistlna

of diammonium phosphate, diammonium sulfate, a blend of diammonium phosphate and diammonium
sulfate, a blend of monoammonium phosphate and diammonium phosphate having a nitrogen to
phosphorus ratio of at least about 1.25. and a blend of monoammonium phosphate, a diammonium sulfate 30
and diammonium phosphate having a nitrogen to phosphorus ratio of at least about 1 25

3. A concentrate as set forth in Claim 1 wherein the concentration of said fire retardant comprises atmost about 750/0 by weight of total concentrate.
^-ymRisBs ai

4. A concentrate as set forth in Claim 1 wherein said viscosity is not greater than about 350 centipoise
5. A concentrate as set forth in Claim 1 wherein said thickening agent comprises a gum thickener

'

35
6. A concentrate as set forth in Claim 5 wherein said thickening agent comprises a guar gum

composition. "

7. A concentrate as set forth in Claim 1 which, upon mixture with sufficient water, forms a fire retardant
mixture containing said fire retardant in a concentration of between about 50/o by weight and about 20«yo
by weight of total mixture and exhibiting a viscosity of between about 50 centipoise and about 2000 40
centipoise.

8. An aqueous concentrate that is adapted to be diluted with water to produce an aqueous fire
retardant mixture exhibiting a viscosity of between about 1000 centipoise and about 2000 centipoise and
containing between about 50^ and about 20o>b by weight fire retardant and between about 0 2% and
about 30/0 by weight thickening agent, the concentrate exhibiting a viscosity of less than about 50 45
centipoise and containing at least about 24o/o by weight of the fire retardant and at least about 1 5o/o bv
weight of a thickening agent, the characteristics of said Are retardant being such that (a) the fire retardant
in solid form releases phosphoric acid or sulfuric acid or both at a temperature below the ignition
temperature of cellulose; and (b) mixing of one part by weight said Are retardant with between ^out 6
and about 20 parts by weight water and between about 0.055 and about 0.2 parts by weight of the 50
thickening agent produces a mixture having a viscosity of between about 1000 and about 2000 centipoise •

but (b) mixing of one part by weight of said fire retardant with less than about 4 parts by weight water and
between about 0.055 and about 0.2 parts by weight of the thickening agent produces a mbcture having a
viscosity less than 1000 centipoise.

9. A concentrate as set forth in Claim 7 wherein the fire retardant is selected from the group consistlna 55
0 monoammonium orthophosphate. diammonium orthophosphate. monoammonium pyrophosphate
diammonium pyrophosphate, triammonium pyrophosphate, tetraammonium pyrophosphate, ammonium
polyphosphate, substituted ammonium polyphosphate. amWe polyphosphate, melamine polyphosphate
ammonium-aikali metal mixed salts of orthophosphate. ammonium-alkali metal mixed salts of
pyrophosphate ammonium-aikali metal mbted salts of polyphosphate, ammonium-alkaline earth metal 60
mixed salts of orthophosphate, ammonium-aikaiine earth metal mixed salts of pyrophosphate
arnmonium-all<a^ine earth metal mixed salts of polyphosphate, ammonium sulfate, liquid polyammoniuni
phosphate and blends thereof.

'

10. A method for controlling fires comprising the steps of:
mixing with water an aqueous concentrate adapted to be diluted with water and used In fire control, said 65
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concentrate exhibiting a viscosity of less tlian about 2000 centipoise and containing at least about 0.750/o

by weight of a thickening agent and at least about 2AWq by weight of a fire retardant, the characteristics of
said fire retardant being such that (a) the fire retardant in solid form releases phosphoric acid or sulfuric

acid or both at a temperature below the ignition temperature of cellulose; and (b) mixing of one part by
weight said fire retardant with between about 6 and about 20 parts by weight water and between about
0.02 and about 0.2 parts by weight thlcl<ening agent produces a mixture having a viscosity of between
about 1000 and about 2000 centipoise; but (c) mixing of one part by weight of said fire retardant with less
than about 4 parts by weight water and between about 0.02 and about 0.2 parts by weight thickening
agent produces a mixture having a viscosity less than 1000 centipoise. thereby producing a fire retardant
mixture; and
releasing the fire retardant mixture from an aircraft to form a fire break in front of an oncoming fire.

18
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Description

Background of the Invention

5 This invention relates to chemical fire retardants and more particularly to concentrates adapted for dilution

with water to produce long-term fire retardant solutions comprising such concentrates.

An important method for controlling wildland fires involves dropping an aqueous fire retardant solution from

helicopter or fixed-wing aircraft onto timber or other fol iage to form a chemical fire break in front of an oncoming

fire. Fire retardant mixtures adapted for release from ftxed-wing aircraft are desirably of relatively high viscosity,

10 for example, about 1000 to 2000 centipoise, so that the mixture resists atomizing or spreading out to form a

thin, discontinuous layer as it falls from the aircraft. However, a mixture exhibiting too high a viscosity is difficult

to pump and may tend to form globules and so does not drop in fluid, continuous form to create an uninterrupted

fire break. While the particular viscosity at which this occurs depends on the particular thickener incorporated

in the mixture, it is typically preferred that the viscosity of the mixture be maintained below about 3000 cen-

ts tipotse, and more preferably below about 2000 centipoise. On the other hand, if the mixture is to be released

by a helicopter, atomizatlon of the fire control mixture is not as much of a problem because the helicopter may
hover close to the target Thus, fire retardant mixtures adapted for release from a helicopter typically are of a

relatively low viscosity, generally about 50 to 250 centipoise.

Fire retardant mixtures employed in such fire control methods ordinarily comprise aqueous mixtures con-

20 taining between about 5% and about 20% by weight, usually between about 10% and about 16% by weight,

fire retardant. The retardant typically is a composition that produces phosphoric acid or sulfuric acid when
heated. Common retardants are ammonium phosphate compositions and ammonium sulfate compositions

such as monoammonium orthophosphate, diammonium orthophosphate, monoammonium pyrophosphate,

diammonlum pyrophosphate, triammonium pyrophosphate, tetraammonium pyrophosphate, ammonium
25 polyphosphate, substituted ammonium polyphosphate, amide polyphosphate, melamine polyphosphate, am-

moniunvatkali metal mixed salts of orthophosphate, ammonium-alkali metal mixed salts of pyrophosphate, anrv

monium-alkali metal mixed salts of polyphosphate, ammonium-alkaline earth metal mixed salts of

orthophosphate, ammonium-alkaline earth metal mixed salts of pyrophosphate, ammonium-alkaline earth

metal mixed salts of polyphosphate, ammonium sulfate and blends thereof. So-called "liquid ammonium
30 polyphosphates", as described in U.S. patent 3,730.890 (Nelson), are also commonly used as fire retardants.

Such liquid ammonium polyphosphates are often used commercially as fertilizers and may be aqueous mixtures

ofammonium ortho, pyro, and polyphosphate and, optionally, also metaphosphate. Typical formulations of such

liquid ammonium polyphosphates contain 10% by weight nitrogen and 34% by weight phosphorus, or 11% by

weight nitrogen and 37% by weight phosphorus.

35 Whereas fire suppressant mixtures rely solely on the water they contain to retard combustion, phosphate

or sulfate containing fire retardant mixtures are useful for relatively long-temi fire retardancy and include water

primarily as a carrier for the fire retardant composition. Thus, long-term fire retardant mixtures continue to func-

tion even after the free water they contain evaporates. Long-term fire retardant mbctures are discussed in U.S.

patent 4,145.296 (Fox et al.), U.S. patent 4.272.414 (Vandersall). U.S. patent 4.101.485 (Brooks et al.), U.S.

40 patent 3,350,305 (Langguth et al.), U.S. patent 4,190,634 (Feiler), U.S. patent 3,558,486 (Morgenthaler), U.S.

patent 3,364,149 (Morgenthaler), U.S. patent 3,342,749 (Handleman et al.), U.S. patent 3.338,829 (Langguth

et al.). U.S. patent 3.309,324 (Langguth et al.). U.S. patent 3,293,189 (Morgenthaler), U.S. patent 3,275.566

(Langguth). U.S. patent 3,257,31 6 (Langguth et al.), U.S. patent 3,223,649 (Langguth). U.S. patent 3,024,100

(Langguth et al.). U.S. patent 3,024.099 (Martinson) and U.S. patent 2,526.083 (Nielson).

45 When such aqueous long-tenm fire retardant mixtures are used to assist in gaining control of a fire, the retar-

dant and the foliage coated by the retardant are heated. As an amnnonium phosphate or ammonium sulfate

retardant is heated, ammonia is released, leaving phosphoric or sulfuric acid on the cellulose of the foliage,

whereupon a reaction is understood to take place and, as a by-product, water is given off as fire suppressing

steam. Thus, the compositions which act as retardants are salts or other compounds that release phosphoric

50 acid or sulfuric acid below the ignition temperature of cellulose. Aqueous fire retardant mixtures are frequently

prepared by mixing a solid powder form fire retardant mixture with water. Such mixtures may also be prepared

by diluting liquid ammonium phosphate with water.

Comnnonly, fire control mixtures further contain a gum thickener to modify the viscosity of the mixture. Low
viscosity mixtures contain a relatively lower proportion ofthickener than do high viscosity mixtures. Some typical

55 gum thickeners are discussed in U.S. patent 3,634,234 (Morgenthaler), in U.S. patent 4,447,336 (Vandersall),

in U.S. patent 4,447,337 (AdI et al.) and in US-A-4.606.831 (Kegeler et al). In addition, the mixture may contain

corrosion inhibitore and flow conditionere. Aqueous fire retardant solutions are frequently prepared by mixing

a solid powder form fire retardant composition with water. Typical flow conditioners, which are added to the

2
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powder form of the fire control mixture to keep the mixture free-flowing, are tricalcium phosphate, magnesium
carbonate, talc, sodium silicate and finely divided, colloidal silica. Optionally, the aqueous fire control mixture

may also contain a colorant The colorant may be a pigment such as iron oxide, which produces a red color,

titanium dioxide pigment, which produces a white color, or an uitra-violet sensitive dye dispersed in biodegrad-

5 able plastic.

Since the mixture, as used in fire control, comprises a relatively dilute solution or suspension of active ingre-

dients and other auxiliary components in water, it is more economical to ship and store the fire control mixture

in a relatively concentrated, lighter and less voluminous dry form, and to dilute the dry or liquid concentrate

fonm on site or as needed. Further, because of the emergency nature of fire fighting, the frequent lack of man-

10 power and the desirability of minimizing potential mechanical failure, it is frequently prefenred to have a con-

centrated liquid retardant composition which can be merely diluted before use rather than a dry powder

composition which must be mixed.

While certain suppliers have sold a thickener-free liquid concentrate of the fire retardant In water, use of

the conventional concentrates has involved several drawbacks. For example, such products do not contain a

15 thickening agent and may not include other desirable additives. Therefore, the thickener and other additives

must be obtained, shipped, handled and stored separately from the concentrate or not used at all. Exclusion

of thickener or other additives, of course, results in a less effective fire retardant solution. If obtained as indi-

vidual components, the thickener and other additives are difficult to handle and careful metering is required to

mix the thickener and other additives with the retardant solution. Thus, carefully trained personnel are needed.

20 These are particularly serious drawbacks in view of essence of time during a fire emergency. While attempts

have been made to prepare thickener-containing concentrates, it has been found in such attempts that mixing

as little as 1% by weight thickener in water has produced an unmanageable, unpumpable solid. It has been

found that the maximum concentration of thickener before development of such undesirable results depends

on the particular thickener employed.

25 Thus, a need has existed fora liquid fire retardant concentrate that can be easily handled, without sacrificing

effectiveness.

Summary of the Invention

30 Among the several objects of the invention, therefore, may be noted the provision of a fire retardant con-

centrate that reduces shipping costs by avoiding transporting large quantities of water which can be obtained

on site; the provision of such concentrate that is as easily handled as a water-like liquid; the provision of such

concentrate that can be diluted accurately with simple equipment to a high viscosity, elastic gum thickened mixt-

ure of end use concentration; the provision of a method for preparing such concentrate; and the provision of a

35 method for preparing a fire control retardant from such concentrate.

Briefly, therefore, the present invention Is directed to a concentrate comprising a fire retardant adapted to

be a concentrate, comprising a fire retardant and a thickening agent, adapted to be mixed with water to produce

a fire control mixture suitable for use in fire control, characterised in that the concentrate is an aqueous con-

centrate exhibiting a concentration of from 0.75% to 6% by weight of a thickening agent, a concentration of at

40 least 24% by weight solids derived from a fire retardant selected from diammonium phosphate, diammonium
sulface, a blend of diammonium phosphate and diammonium sulfate, a blend of nrK)noammonium phosphate

and diammonium phosphate having a nitrogen-to-phosphorus ratio of at least 1.25. a blend ofmonoammonium
phosphate, diammonium sulfate and diammonium phosphate having a nitrogen-to-phosphorus ratio of at least

1.25, and polyammonium phosphate, with the proviso that when polyammonium phosphate is the fire retardant

45 component, it is admixed with at least one additional fire retardant component in an amount sufficient to provide

the solids percent by weight concentration derived from the fire retardant, and a viscosity of less than 2 Pa.s

(2000 centipoise), as determined using a Brookfield viscometer operating at 60 r.p.m., with the proviso that the

viscosity of the aqueous concentrate is substantially equal to or less than the viscosity of the fire control mixture

produced therefrom upon dilution with water.

50 The present invention is also directed to a concentrate comprising a fire retardant and a thickening agent,

that is adapted to be mbced with water to produce an aqueous fire control mixture, characterised by being an

aqueous concentrate exhibiting a viscosity of less than 0.05 Pa.s. (50 centipoise), a concentration of at least

0.75% by weight thickening agent, and a concentratbn of at least 24% by weight solids derived from a solid

particulate fire retardant, the fire retardant in solid fonm exhibiting characteristics such that (1) when phosphate-

55 based, phosphoric acid is released, when sulfate-based, sulfuric acid, is released, and when phosphate/-sul-

fate-based, both phosphoric acid and sulfuric acid are released at a temperature below the ignition temperature

of cellulose, and (2) upon being mbced with water and a thickening agent in a ratio of (i) one part by weight of

the fire retardant. from 6 parts by weight to 20 parts by weight water, and firom 0.055 part by weight to 0.2 part

3
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by weight of the thickening agent, an aqueous mixture is produced which exhibits a viscosity of from 1 Pa.s,

(1 000 centipoise) to 2 Pa.s. (2000 centipoise), or (ii) one part by weight of the fire retardant, less than about 4

parts by weight water, and from 0.055 part by weight to 0.2 part by weight of the thickening agent, an aqueous

mixture is produced which exhibits a viscosity of less than 1 Pa.s. (1000 centipoise), and the fire control mixture

5 being characterized by exhibiting a concentration of from 0.2% by weight to 3% by weight thickening agent, a

concentration of from 5% by weight to 20% by weight solids derived from the solid particulate fire retardant,

and a viscosity of less than 2 Pa.s. (2000 centipoise), with the proviso that the viscosity of the aqueous con-

centrate is substantially equal to or less than the viscosity of the fire control mixture produced therefrom upon

dilution with water, all viscosities being as detenmined using a Brookfield viscometer operating at 60 r.p.m.

10 The present invention is also directed to a method of preparing fire retardant mixtures by diluting an

aqueous concentrate according to the invention, particulariy daims 1 and 8, herein with water, thereby produo-

ing an aqueous fire control mixture having a viscosity equal to or greater than that of the concentrate.

Description of the Preferred Embodiments

15

In accordance with the present invention, it has been discovered that an aqueous fire retardant concentrate

can be prepared, having a moderate viscosity despite the presence of a thickener, by maintaining the concen-

tration of fire retardant in the concentrate at a high level. More particularly, it has been found that, by maintaining

the concentration of certain fire redardants above 24% by weight, the viscosity of the concentrate is controlled

20 at less than 2 Pa.s (2000 cps), even in the presence of 6% and possibly as much as 50% by weight of a thick-

ening agent.

Ordinarily, the viscosity of a mixture would be expected to Increase with increasing concentration of thick-

ener or other high-viscosity components. And, as expected. It has been found that increasing the concentration

of fire retardant in an aqueous fire control mixture from 10% to 20% by weight (while maintaining a constant

25 thickener to retardant concentration ratio), increases the viscosity of the mixture. Surprisingly and seemingly

inexplicably, however, it has been discovered that the concentrate of this Invention, which has a fire retardant

concentration of at least 24% by weight and a thickener concentration of between 0.75% and 6% by weight,

not only has a viscosity that is not appreciably higher than that of the diluted mixture ultimately used In fire con-

trol, (5% to 10% by weight fire retardant and at most 0.3% by weight thickener) but typically the concentrate

30 has a much lower viscosity than the diluted mbcture. Yet this phenomenon has been found not to be determined

by the pH of the concentrate, and has been observed only for certain fire retardants. For example, if the fire

retardant in the concentrate is monoammonium phosphate with an N/P ratio of less than 1 .25, the viscosity of

the concentrate is very high. However, if the retardant In a concentrate of the same pH is diammonlum sulphate,

the viscosity of the concentrate is relatively low. it has been found that the concentrate of this invention has

35 viscosity far below (2 Pa.s) (2000 centipoise), typically below 0.35 Pa.s (350 centipoise) and often below 0.05

Pa.s 50 centipoise.

Therefore, the concentrate of this invention avoids the pumping and handling problems that are encoun-

tered with mixtures of viscosities above 2 Pa.s. (2000 centipoise). In addition, the aqueous concentrate tends

to disperse into mixture during dilution more readily than does powder. Accordingly, the concentrates of this

40 invention require less meticulous metering of water than is required for ordinary powder concentrates. Also,

since the concentrate includes thickener and, optionally, other additives, the only ingredients necessary on-site

to produce a fire control retardant ready for application are the concentrate and water.

Generally, it has been discovered that addition of thickener to an aqueous mixture containing a relatively

high concentration of certain fire retardants surprisingly produces a mixture of lower viscosity than mixtures

45 containing substantially lower concentrations of retardant and thickener. It has been found that when the retar-

dant concentration is maintained at a high level, added thickener does not act to significantly increase the vis-

cosity of the mixture, but instead tends to settle in a sand-like form, remains suspended In a semi-colloidal form,

or rises to the surface of the mixture. More particularly, it has been found that certain fire retardants produce

mixtures exhibiting viscosities of between 1 and 2 Pa.s (1000 and 2000 centipoise) when one part by weight

50 of the fire retardant is mixed with between 0.055 and 0.2 parts by weight thickening agent and between 6 and

20 parts by weight water. Yet these same retardants produce mixtures exhibiting viscosities below 1 Pa.s (1 000

centipoise) when one part by weight fire retardant is mbced with the same amount of thickening agent, but less

than 4 parts by weight water. This is a significant advantage In preparing and handling concentrates of high

viscosity fire control retardants adapted for application by fixed-wing aircraft

55 Similarly, the same phenomenon of decreased viscosity with increased thickener concentration has been

observed when such fire retardants are incorporated in fire retardant solutions of relatively lower viscosity. The
low viscosity mixtures are similar to the high viscosity mixtures adapted for delivery by fixed-wing aircraft. How-
ever, the lower viscosity mixtures contain lower levels of thickener. Thus, for the lower viscosity mixtures which

4
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are adapted for delivery by helicopter, the fire retardant produces a mixture exhibiting a viscosity between 0.05

and 0.25 Pa.s (50 and 250 centipoise) when one part by weight of the fire retardant is mixed with between 0.02

and 0.075 parts by weight thickening agent and between 6 and 20 parts by weight water. However, the fire

retardant produces a mixture exhibiting a viscosity below 0.05 Pa.s (50 centipoise) when one part by weight

5 fire retardant Is mixed with the same amount of thickening agent, but less than 4 parts by weight water. Clearly,

therefore, this is a significant advantage in preparing and handling concentrates of high viscosity fire control

retardants adapted for application by helicopter.

The fire retardants of the concentrates and fire control retardants of the invention are compounds or a mixt-

ure of compounds that degrade or decompose at temperatures below the ignition temperature of the fuels to

10 be protected (e.g., cellulose), thereby releasing a mineral acid, such as phosphoric acid or sulfuric acid. Among
the various fire retardants typically used in fire retardant mixtures and which might be used in the concentrate

of this invention are mono-ammonium orthophosphate. diammonium orthophosphate. monoammonium
pyrophosphate, diammonium pyrophosphate, triammonium pyrophosphate, tetraammonium pyrophosphate,

ammonium polyphosphate, substituted ammonium polyphosphate, amide polyphosphate, melamine polyphos-

15 phate, ammonlum-atkati metal mixed salts of orthophosphate, ammonium-alkali metal mixed salts of pyrophos-

phate, ammoniunvalkali metal mixed salts of polyphosphate, ammonium-alkaline earth metal mixed salts of

orthophosphate, ammonium-alkaline earth metal mixed salts of pyrophosphate, ammonium-alkaline earth

metal mixed salts of polyphosphate, ammonium sulfate, liquid ammonium polyphosphates and blends thereof.

While liquid ammonium polyphosphates are generally too dilute In their commercial forms for application as

20 fire retardants, other retardants, such as those noted above, may be mixed with liquid ammonium polyphos-

phate until a minimum acceptable concentration is obtained. Ammonium polyphospohate is often called

polyammonium phosphate, and commonly contains other ammonium phosphate such as pyroand

metaphophates, and the alkali metal equivalents thereeof, as well as a blend of phosphate polymers. Such
polyammonium phosphates are often refered to as 10-34-0, 11-37-0, 12-40-0, 13-42-0 or the like, where the

25 first number indicates the percentage of nitrogen in the blend, the middle number Indicates the percentage phos-

phate In the blend and the last number indicates the percentage potash In the blend.

Specifically, It has been found that diammonium phosphate (DAP) and diammonium sulfate (DAS) may be
employed as the fire retardant in the concentrates of this invention, but that use of a retardant comprising mono-
ammonium phosphate (MAP) produces a concentrate of the above discussed desirable properties only if it Is

30 combined with another retardant, particulariy DAP. No explanation has-been discovered to explain why a con-

centrate containing MAP and no other fire retardant has a high viscosity, while use of DAP or DAS as the only

fire retardant results in relatively low viscosity concentrates. Regardless, fire retardants in commercial use usu-

ally comprise a blend of some of the various fire retardants available. Typical commercial blends comprise MAP
and DAP in ratios ranging from 9:1 to 1:9. One particular blend contains 30 parts by weight DAS and 9 parts

35 by weight MAP per 1 part by weight DAP. It has been found, however, that for a MAP containing concentrate

to have a viscosity below 2 Pa.s (2000 centipoise), the concentrate should contain at least 0.3 mole DAP per

mole of MAP. The MAP;DAP ratio tends to affect the pH of concentrates of this invention, with a concentrate

of high MAP:DAP ratio having a pH of 5.5 to 6, and a low MAP;DAP ratio concentrate having a pH near 8.

The fire retardants are commonly available in solid, particulate form but may also be obtained in a concen-

40 trated thickener-free aqueous solution requiring dilution with water and addition of thickenerand other additives

before application to wildland for fire control. The concentrated aqueous solution ofcommerce typically contains

34% to 42% by weight P2O5 (15% to 18% by weight phosphorus) in the fonm of ammonium ortho, pyro and
polyphosphates, water and various impurities, but no thickening agent or other Intended additive.

When solid, particulate retardant is to be Incorporated In the concentrate of this invention, tiie retardant

45 may first be mixed with water. In a separate step, a solid particulate premix comprising thickener and otiier

additives, is mixed with the water with which the retardantwas mixed. Thus, in this process, as will be discussed

in more detail below, the solid, particulate fire retardant is added independentiy, and before the ttiickener. It is

also possible to simultaneously add the thickener and retardant to water under agitation. Therefore, the solid,

particulate form of fire retardant may be combined with the thickener and other additives to fom a dry solid,

50 particulate fire retardant composition for mixing with water. Such dry solid, particulate fire retardant composition

may contain between 85% and 95% by weight fire retardant, between 2.5% and 7.5% by weight gum thickener,

between 1% and 5% by weight corrosion inhibitor, up to 4% by weight color pigment and other functional conf>-

ponents as desired.

The thickening agent of the composition of this invention may be any of a number of thickeners, including

55 standard gum thickeners such as galactomannan guar gum compositions. The thickening agent is employed
to maintain the viscosity of the diluted fire retardant solution, for example, at between 1 and 2 Pa.s (1000 cen-

tipoise and 2000 centipoise) for aerial bombardment from fixed-wing aircraft, or between 0.05 and 0.25 Pa.s

(50 centipoise and 250 centipoise) for aerial bombardment from helicopter. The ttiickener should make up be-

5



EP0 277 932 B1

tween 0.75% and 6% by weight of the concentrate. Since addition of thickener to the concentrate of this inven-

tion does not produce the expected thickening action, the thickener concentration in the concentrate can be

even higher, but the specific concentration depends on the viscosity desired in the diluted mixture. Thus, the

thickener concentration In the concentrate for fixed-wing aircraft applications should be between 1.9% and 6%
5 by weight of concentrate to produce an expanded mixture upon dilution exhibiting a viscosity of between 1 and

2 Pa.s (1 000 cps and 2000 cps), and comprising 0.8% or 0.9% by weight thickener. The thickener concentration

in the concentrate for helicopter applications should be between 0.25% and 2% by weight of the concentrate

to produce an expanded mixture upon dilution exhibiting a viscosity of between 0.05 and 0.25 Pa.s (50 cps

and 250 cps). and preferably is between 0.28% and 0.36% by weight thickener.

10 The composition of this invention may also contain a pigment such as iron oxide, which produces a red

color, titanium dioxide pigment, which produces a white color, or a fugitive pigment which fades upon exposure

to the elements. These colors aid a fire-fighting pilot by enabling the pilot to see where fire retardant solutions

have already been dropped. On the other hand, for certain uses, particularly along road-sides or in parks, it

may be preferable to exclude any colorant from the mixture. The concentrate would contain as much color pig-

15 ment as would be required for visibility upon dilution. Thus, the amount of pigment depends on the degree of

dilution contemplated.

Other ingredients commonly included in low concentrations in fire retardant mixtures are flow conditioners,

such as tricalcium phosphate, magnesium carbonate, talc, sodium silicate and finely divided colloidal silica,

added to keep the powder form of fire retardant composition free-flowing; and defoaming and antifoaming

20 agents, such as polyalkylene derivatives of propylene glycol. Each of these additives may be present in minor

amounts, 0.3% to 1.5% by weight, in the concentrate.

In addition, various Impurities are often found in such concentrates and resulting fire retardant mixtures.

Certain of these impurities, such as ferrous ions, are believed to result in variation of the viscosity of the con-

centrates of this invention over a storage period of days or months. In addition, the instability believed to be

25 brought on by such impurities may be manifested in significantly lower viscosity of fire retardant mixtures prep-

ared by diluting concentrates stored for several days or months. Consequently, it is desired to maintain the con-

centrations of these impurities to a minimum since concentrates contaminated with these impurities and stored

for several months might not produce fire retardant mixtures of acceptable viscosity. Thus, if a concentrate Is

intended to be stored for long periods of time, it is preferred to use a fire retardant of essentially pure ortechnical

30 grade as opposed to, for example, fertilizer grade.

The ferrous ions are believed sometimes to result from certain methods of production of the fire retardant,

but also result from corrosion by certain fire retardant concentrates or mixtures of iron or steel holding tanks.

Since the ferrous ions are believed to impair the stability of the concentrates and fire control retardants

made therefrom, when the concentrate or related mixtures are to be stored in iron or steel tanks, it is prefen-ed

35 that smalt amounts of corrosion inhibitors (usually less than 0.1% by weight), such as sodium silicofluoride.

dimercaptothiadiazole and/or sodium thiosutfate, be added to the concentrates of this invention to minimize the

iron introduced into the concentrate from corrosion.

The water used in formation of the aqueous concentrate and in dilution of the concentrate may be tap water

or water from other convenient water sources. Due to the potentially long periods of storage and the danger of

40 bacteria growth supported by the gum thickener (which typically is a polysaccharide), it may be desirable that

the water be substantially bacteria-free. Accordingly, it may be desirable to add a bacterioclde, such as sodium
silicofluoride In a proportion of 0.90% by weight sodium silicofluoride in the concentrate. The bacterioclde may
be added to the water e ither before, after or simultaneously with incorporation ofthe fire retardant and thickener.

However, the aqueous mixtures of this invention tend to have high ionic strength, so it is believed that use of

45 bacteria-free water or a bacterioclde is not always necessary.

Thus, the aqueous concentrate of this invention contains at least 24% and as much as 75% by weight fire

retardant, between 0.75% and 6% by weight thickening agent, minor amounts of other additives as discussed

above, and exhibits a viscosity below 2 Pa.s (2000 centipoise). When a fire retardant solution for helicopter

delivery is prepared by diluting a concentrate of appropriate composition with enough water to lower the con-

so centration of the fire retardant to between 5% and 20% by weight of the mixture, the mixture obtained exhibits

a viscosity between 0.05 and 0.25 Pa.s (50 centipoise and 250 centipoise). When a fire control retardant for

fixed-wing aircraft delivery is prepared in a comparable manner, the mixture obtained exhibits a viscosity be-

tween 1 and 2 Pa.s. (1000 centipoise and 2000 centipoise).

The aqueous concentrate of this invention should be prepared by mixing fire retardant with water in a man-
55 ner such that the fire retardant concentration in the mixture does not fall below about 24% by weight during

incorporation of the thickening agent into the concentrate. Thus, the thickener should not be added before the

retardant, since it has been found that retardant-free mixtures which contain even 1.5% by weight thickener

exhibit unmanageably high viscosity. Moreover, once such viscosity is produced, the low viscosity concentrates

6
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of this invention cannot be fonmed from the mixture even by adding large amounts of fire retardant. Similarty,

even fire retardant mixtures in which the fire retardant concentration is in a somewhat nrK)derate range of be-

tween 15% and 23% by weight, exhibit very high viscosities, rendering the mixtures difficult to handle and to

pump. It has been found that, once a relatively high viscosity is reached in the process of preparing the con-

5 centrate. increasing the concentration of additives to the levels of the concentrates of this invention is not effec-

tive for reducing the viscosity to the low ranges achievable if the desired cocentrations are maintained

throughout the mixing process. Thus, it is not feasible even to premix thickener with water and then add that

premixture to a high fire retardant/water mixture. Such premixture would be a thick paste or solid if the premixt-

ure contained a high enough thickener concentrate so that a proper resulting thickener concentration is reached

10 upon dilution of the premix with retardant/water mixture. The viscosity does not decrease to a satisfactory level

upon addition to the fire retardantA^/ater mixture.

Several techniques may be used to maintain the concentration above 24% throughout the addition of thick-

ener, and optionally throughout the mixing process. In a preferred method, the fire retardant is first mixed with

water to a concentration of a least 24%, after which the thickener is added to the fire retardant and water mixture.

15 However, if so desired, thickener and fire retardant may be mixed with water simultaneously and quickly and

with agitation. Due to the higher dissolution rate of the retardant, it tends to dissolve in water more quickly than

the thickener and it has been found that the overly high viscosity is avoided. According to this method, the water

may be added to a fire retardant composition comprising fire retardant and thickener, or such fire retardant

composition and water may be introduced simultaneously to a mixing chamber. However, slow addition of fire

20 retardant composition to a large volume of water, results, at some point during the mixing process, in a retardant

composition concentration which exhibits an inconveniently high viscosity.

The preferred techniques, particularly when carried out with agitation of the mixture, avoid not only the high

viscosity range of fire retardant concentration, but also such problems as the fomriation of clumps in the mixture.

Thus, in practice, the concentrate may be prepared by mixing dry solid, particulate fire retardant with water until

25 the desired concentration is reached, and then mixing the resulting retardant solution with a "premix" comprising

thickener and other additives. Similarly, a very highly concentrated thickener-free aqueous retardant solution

may be mixed with premix. If the resultant fire retardant concentration is higher than desired in the concentrate,

water may be added to achieve the proper retardant concentration for the concentrate of this invention.

The concentrate of this invention can be stored in a tank near the site of potential wildland fires. The tank

30 may be equipped either with a small pump to recirculate the concentrate or with a slow agitator to maintain the

homogeneity of the concentrate. Another method of maintaining the homogeneity might be to thicken the con-

centrate by adding a relatively small amount of a second thickener that would be more effective in the concen-

trate than the original thickener. Or, if desired, the concentrate may be diluted well in advance of any fire to

fonm the expanded fire control retardant The mixture may then be stored in its expanded form. Upon dilution

35 of the concentrate, the fire retardant solution as employed in control of fire ordinarily contains between 5% and

20% by weight fire retardant and between 0.2% and 3.0% by weight thickener.

Any of a number of techniques may be used to expand the concentrate for use as a fire control retardant.

For example, the concentrate may be diluted in a holding tank. Alternatively, the concentrate and water may
be introduced from separate feed lines into a common conduit wherein mixing takes place. Advantageously,

40 the resultant fire retardant solution may be discharged directly from the mixing conduit into a delivery tank inside

the delivery vehicle. Regardless of the method of expanding the concentrate, it has been found that less meti-

culous metering of ingredients is necessary than in the conventional process of diluting a powdered fire retar-

dant composition directly to a full volume fire retardant solution. However, to ensure and preserve homogeneity,

it has been found that either some degree of agitation or circulation of the concentrate before the dilution pro-

45 cess or some degree of agitation or circulation of the expanding mixture during the dilution process is desired.

Other advantages derived from the practice of this invention will become apparent from the following des-

cription and examples:

EXAMPLE 1

50

A sample of typical commercially available low viscosity, diammonium phosphate (DAP) based fire retar-

dant concentrate (retardant composition with relatively low thickener concentration useful for dilutton with water

to produce a helicopter deliverable fire retardant solution) of viscosity between 0.05 and 0.25 Pa.s (50 cps and

250 cps) was mixed with water to fonfn a 16.1% by weight mixture. The viscosity of the mixture was measured

55 and found to be 0.07 Pa.s (70 centipoise). Another sample of the same low viscosity, high proportion DAP fire

retardant composition was mixed with water to fonm a 40 % by weight concentrate. The viscosity of the solution

measured 10 minutes after mixing of this concentrate was measured with a Brookfield viscometer operating at

60 rpm and was found to be 0.022 Pa.s (22 cps.) A portion of the concentrate was then diluted with tap water

7



EP0 277 932 B1

to form a mixture comprising 16.1% by weight solids derived from the composition. The 10 minute viscosity of

this mixture was found to be 0.112 Pa.s (112 cps). The viscosity of the remaining concentrate remained 0.022

Pa.s (22 cps) when measured at a later time.

5 EXAMPLE 2

Nine samples (labeled a through i) of various weights of high viscosity, dry, high proportion DAP fire retar-

dant composition were measured and each sample was added rapidly to water (each sample added to 350 ml)

with rapid agitation. The resulting mixtures were stinred for five minutes after addition of the samples. The mixt-

10 ures then sat undisturbed for five minutes. The viscosity of each mixture was then detenmined with a Brookfield

viscometer operating at 60 rpm using a No. 4 spindle.

Three more mixtures were prepared as above, but instead of the high viscosity, high proportion DAP fire

retardant composition, the following compositions were used. For mixture j, the composition comprised the fol-

lowing;

15 (1) monoammonium phosphate (N/P ratio of 1.0 to 1.05) (204.6 gm)

(2) gum thickener (hydroxypropyl guar gum derivative) (18.1 gm)

(3) premix (10.6 gm) containing by weight

44.4% tricalcium phosphate

6.7% mercaptobenzothiazole

20 4.4% sodium molybdate

22.2% iron oxide

22.3% thiourea

For mixture 1, the composition comprised the following:

(1) monoammonium phosphate (N/P ratio of 1.0 to 1.05) (306.95 gm)

25 (2) hydroxypropyl guar derivative (27.1 gm)

(3) premix (15.9 gm) of the above proportions.

For mixture k, the composition comprised the following:

(1) diammonium sulfate (306.95 gm)

(2) hydroxypropyl guar derivative (27.1 gm)

30 (3) premix (15.9 gm) of the above proportions.

The following results were obtained:

Concentration of Weight of 10 min.
dry composition dry composition viscosity

40

Sample (% by weight) (qm, in 350 ml) (cps) ( icp

a (DAP) 12,0 47.9 1863

b (DAP) 13.1 52.7 2040

c (DAP) 17.0 71.8 4203

d (DAP) 25.5 119.8 8473

e (DAP) 30.0 150.0 350

f (DAP) 40.0 233,3 113

g (DAP) 50.0 350.0 less than 50

h (DAP) 60.0 525.0 less than 50

i (DAP) 70.0 816.7 167

j (MAP) 40.0 233 .3 above 10 ,000

k (MAP) 50.0 350.0 could not mix

1 (DAS) 50.0 350.0 about 100

55

EXAMPLES

The mixtures of Example 2 were stored in tightly capped jars for about forty hours. Then a sample of each

8
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mixture was diluted with some agitation to a 12% solution as might be used in fire control. The viscosity of each

diluted mixture was measured by the procedure of Example 1 with the following results (the 40 hr. vise, is the

viscosity of the mixture before dilution to a 12% solution, but after sitting for forty hours; the 1 0 min. vise. Is the

viscosity ten minutes after dilution; and the 2 hr. vise, is the viscosity two hours after dilution: (Icp = 1(H Pa.s).

5

ui iucmg 40 hr

.

10 min. 2 hr .

^ 11 K o wa f"u u L. c wy u • wa ]; wg c • V i sc • vise

.

vise

.

Sample (gm) (gm.

)

(CPS) (CPS) (CPS)
a (DAP) 1760
b (DAP) 201.4 17.5 2050 1575 1567
c (DAP) 210.9 87.3 4346 1617 1637
d (DAP) 187.8 210.1 9590 1547 1527
e (DAP) 159.7 238.2 1307 1587 1635
f (DAP) 119.8 278 .1 120 1718 1783
g (DAP) 95.8 302.1 below 50 1925 2010
h (DAP) 79.8 318.1 below 50 1975 2032
i (DAP) 68.4 329.5 below 50 2937 3060
j (MAP) solid
k (MAP) solid
1 (DAS) 95.8 302.1 below 50 2377 2415

Sample i was rerun with the dilution performed without agitation. The concentrate was stirred Into water and

the resulting mixture sat for ten minutes. The viscosity ten minutes after dilution was found to be 1 847 cps, and

25 the viscosity two hours after dilution was found to be 2040 cps. Sample i was again rerun with the dilution per-

formed with agitation. The viscosity ten minutes after dilution was found to be 1718 cps, and the viscosity two

hours after dilution was found to be 1833 cps.

EXAMPLE 4

30

Four fire control concentrates. A, B, C and D, were prepared. Concentrate A was prepared by dissolving

dry powder MAP 475.1 Kg (1047.5 lbs.) and dry powder DAP (698.5 lbs.) In water 1206 kg (2660 lbs.) and then

adding a blended dry premix 1 15.2 Kg (254.0 lbs) consisting of by weight of total premix:

57.2% colloid thickener (a polysaccharide guar gum)

35 16.4% tricalcium phosphate

2.3% mercaptobenzothiazole

1.5% sodium molybdate

5.7% dimercaptothiadiazole

3.7% sodium sillcoftuoride

40 12,1% fugitive color

1% polyalkylene derivatives of propylene glycol

Concentrate B was prepared in the same manner, except that less water 1035 Kg (2283 lbs. as opposed to

1 206 kg 2660 lbs.) was used.

Concentrate C was prepared by dissolving dry powder MAP 485.2 kg (1069.6 lbs.) and dry powder DAP
45 323.6 Kg (713.5 lbs.) in water 1252 Kg (2760 lbs.) and then adding a blended dry premix 98.4 Kg (217.0 lbs.)

consisting of by weight:

68.5% colloid thickener

2.8% mercaptobenzothiazole

1.8% sodium molybdate

50 6.8% dimercaptothiadiazole

4.4% sodium sflicofluoride

14.5% fugitive color

1.4% polyalkylene derivatives of propylene glycol

Concentrate D was prepared in the same manner, excep that less water 1077 Kg (2375 lbs. as opposed to

55 1252 Kg (2760 lbs.) was used.

The concentrates were stirred or shaken to increase the homogeneity, and an aliquot sample was with-

drawn from each concentrate. Under agitation, each sample was then diluted with water in the following ratios

In pounds of concentrate per pound ofwater for A, 3.00; for B, 3,35; forC, 2.99; and for D, 3.34. The composition

9
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of the concentrates and the diluted mixtures are shown in the following tables and compared to the correspond-

ing exemplary requirements set forth by the government of Italy: (1 Cp = 1(H Pa.s).

Concentrates
^ ITALY A B C D

Phosphate Content

(% wgt) min. 21.6 21.6 23.5 21.6 23.5

10 Viscosity (cps

at 20^*0 max. 2000 19 22 20 22

Viscosity {cps

at S^'C) max. 2000 24 26 24 25
15 3

Density (gm/cm
) 1,15-1.35 1.25 1.26 1.24 1.26

Iron oxide (% wgt) 0.4-0.8 0 0 0 0

Pouring Time (%

20 at 40*^0 min. 97 - 99.5 - 99 .6

Pouring Time (%

at 5 **C) min. 95 - 98.5 - 98 .9

25

Diluted Mixtures

ITALY
^ Phosphate Content

(% wgt) min. 5.4 5.4 5.4 5.4 5.4

Viscosity (cps

35 at 20*0 1000-2000 1606 1563 1580 1581

Viscosity (cps -

at S^'C) - Pass Pass Pass Pass
3

Density (gm/cm ) 1.05-1.10 1.06 1.06 1.06 1.06

Solution pH 6.0-8.0 6.0 6.0 6.0 6.0

Stability at 20**C * Pass Pass Pass Pass

Appearance only; absence of crystals or visible separ-

45 ation in 48 hours.

The viscosity stability of the concentrates was also measured. Each of the concentrates were separated

into samples, one sample stored at 40*»F, one at 22°C (72*F) and one at 32°C (QO^F). The 10 minute viscosity

was measured with a number two spindle at various times and the results are shown in the following table: (1

50 Cp = 10-3 pa.s).

55

10
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Viscosity (in cps) after storage for :

Cone

.

Temp. 10 min. 24 hcs. 7 days 30 days 150 days
A 41 24 25 25 24 26

A 72 24 31 19 19 19

A 90 24 18 19 22 22

B 41 27 29 25 26 28

B 72 27 31 20 22 22

B 90 27 20 20 20 20

C 41 25 28 22 24 27

C 72 25 20 18 20 20

C . 90 25 18 19 18 18

D 41 25 27 25 25 27

D. 72 25 20 19 22 21

D 90 25 20 19 17 17

Samples of concentrates B and D were stored at 23**C (74**F) for various lengths of time and then were

diluted to fire control application strength. The viscosities measured for these mixtures and the percentage of

viscosity tost from that found for the mixture made from concentrate stored only 10 minutes were as follows:

(1Cp=1(HPa.s).

25

30

From Concentrate B From Concentrate D

Storage Time Vlscosity(cps) % Lost viscosity ( cps) % Lost
10 min. 1606 - 1616
27 days 1563 3 1450 10

42 days 1580 2 1640 gain 1

150 days 1581 2 1403 13

150 days
(repeat) 1431 11 1442 11

EXAMPLES

Concentrated thickener-free, high DAP concentration fire retardant solution was obtained and analyzed.

The solution was of low quality grade (i.e., high concentration of impurities), cloudy and yellowish, had a pH of

35 6.95, a phosphate (in the form of P2O5) concentration of 1 9.71% by weight and a ferrous ion content of 0.070%
by weight Hydroxypropyl guar thickener (6 gm.) was added to a sample (200 gm.) of the solution to produce

a suspension exhibiting a viscosity 0.04 Pa.s of (40 centipoise). Dilution ofthe suspension by addition of enough

water to lower the phosphate ion concentration to 5.46% by weig ht produced a thickened mixture, but the results

were not consistently reproducible. It is believed that the inconsistent results are attributable to inadequate

40 thickener dispersion. In addition, it was found that the viscosity of the diluted mixture dropped from 1 or 1.5

Pa.s (1000 or 1500 cps) to 0.1 or 0,2 Pa.s (100 or 200 cps) within a few days. It is believed that this viscosity

Instability is caused by the high fenrous ion content of the thickener-free solution sample.

A second sample (97.3 gm.) of the low quality grade thickener-free solution was mixed with water (247.6

gm.) and a premix comprising gum thickener (3.165 gm.), sodium silicofluoride (0.95 gm.), sodium thiosulfate

45 (0.316 gm.), mercaptobenzothiazole (0.127 gm.), fugitive color (0.675 gm.), tricalclum phosphate (0.844 gm.)

and antifoaming agent (0.063 gm.) to form Mixture 1. Another sample was neutralized by adding aqueous

ammonia (about 1.4% by weight) to increase the pH to 7.9. The neutralized sample (100 gm.) was mixed with

water (244.9 gm.) and the same amount of premix as used to make Mixture 1 . The resulting mixture was labeled

Mixture 2. The viscosities of the two mixtures were measured with Brookfield Viscometer Model LVF at 60 rpm
50 and spindle number 4 at vartous times after dilution and the results were as follows: (1 Cp = 10-^ Pa.s)

55

Time after dilution
10 minutes
1 day
2 days
7 days

16 days

Viscosity (cps) of:
M ixture 1

1633
1570
1300
670
270

Mixture 2

1480
1570
1523
1380
1203

11
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Thus, it appears that neutralization nnay reduce the observed instability.

Two more samples, A and B, of the thickener-free fire retardant solution were obtained. The pH of one

sample, Sample A, was increased to 8.0 by bubbling anhydrous NH3 into the liquid with agitation. Each sample

was mixed with a premix to form a sample containing the fire retardant solution (94.84% by weight), gum thick-

5 ener (3.09% by weight), sodium silicofluoride (0.93% by weight), sodium thiosulfate (0.31% by weight), mer-

captobenzothiazole (0.12% by weight), fugitive color (0.66% by weight) and antifoam (0.05% by weight).

Sample A was separated into Samples A-1, A-2 and A-3. To Sample A-2 was added Na4Fe(CN)6 to produce

a concentrate containing 1.41% by weight Na4Fe(CN)6. To Sample A-3 was added Na4Fe(CN)e to produce a

concentrate containing 4.23% by weight Na4Fe(CN)e. The viscosity of the concentrates was measured period-

10 ically. The results are shown in the following table:

Viscosity { CDS)

Time after prep'n A-1 A-2 A-3 3

10 minutes 53 53 53 53

3 days 50 47 50 50

11 days 97 100 97 67

20

The pH of each sample was measured after 12 days. All Sample A concentrates had a pH of 7.5, while

the Sample B concentrate had a pH of 6.95.

Samples from each of the concentrates were obtained periodically after preparation of the concentrates.

These samples were diluted and the 10 minute viscosity measured. The results were as follows: (1 Cp =

25 10-3 Pa.s).

Viscosity (cps)

Length of Cone. Storaqe A-1 A-2 A-3 3

0,5 hour 1890 1373 1400 1503

3 days 1833 1407 1300 1430

11 days 1763 1367 1327 1327

% of viscosity lost: 6.7 0.4 5.2 11.7

When the diluted solutions were stored for 1 2 days, it was found that the diluted solution from Sample A-1

lost 14.3% of its viscosity, the diluted solution from sample A-2 lost 10.4% of its viscosity, the diluted solution

from Sample A-3 gained 6.2% of its viscosity, and the diluted solution from. Sample B lost 70.6% of its viscosity.

40

EXAMPLE 6

In experiments conducted to investigate methods of ameliorating the effects of the impurities in the thick-

ener-free fire retardant concentrates, a sample (10 quart) of the low quality grade thickener-free concentrate

45 as described in Example 5 was divided into 19 aliquots (418.9 gm. each). Some of the aliquots were treated

with ammonium hydroxide untO a desired pH was obtained. Hydrogen peroxide (71.7 ml. of 3% solution) was
added to some of the aliquots, and the aliquots left to set for one hour. Distilled water was added to all the alh

quots to increase the total weight of each aliquot to 475.4 grams. Then premix (24.3 g,.), containing thickener

(15.00 gm.), fugitive color (2.70 gm.), mercaptobenzothiazole (0.60 gm.), sodium silicofluoride (4.50 gm.) and

50 sodium thiosulfate (1 .50 gm.) plus other additives as shown in the tables below, and polyalkylene derivative of

propylene glycol were added to each aliquot After mixing, the 10 minute viscosity of each aliquot was
measured. Then, the aliquots were homogenized by agitation and a portion (120 gm.) of each aliquot was
removed and stored. Five minutes after the viscosity measurement, distilled water (276.9 gm.) was added to

each aliquot and the 10 minute viscosity of the diluted aliquots was measured. The stored aliquot portions as

55 well as the diluted aliquots were monitored for viscosity stability. Periodically, samples of the stored aliquot por-

tions were diluted and the 10 minute viscosities measured. The results are shown in tables I, II and III. Viscosi-

ties are reported in cps (1 Cp = Pa.s).

12
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EXAMPLE 7

Two thickener-free, low quality liquid concentrate sannples were obtained. One of the samples was filtered

in an effort to eliminate impurities. Analysis of the unfiltered sample (Sample 1) Indicated that it contained by

5 weight 23.59% P2O5, 8.77% NH3, 2.47% SO4 and 100 ppm Fe+2. had a pH of 6.50. had a specific gravity of

1 .292 kilograms per liter and had a nitrogen to phosphorus molar ratio of 1.55. Analysis of the filtered sample

(Sample 2) indicated that it contained by weight 23.39% P2O5, 8.42% NH3, 1.23% SO4 and 89 ppm Fe+2 had

a pH of 8.38, had a specific gravity of 1.266 kilograms per liter and had a nitrogen to phosphorus molar ratio

of 1 .50. The analyses, therefore, indicated that the samples were40% by weight mono and diammonium phos-

10 phate in 1:1 molar ratio. The unfiltered sample was greenish brown, the filtered sample was yellow and both

samples contained considerable quantities offine, nearly colloidal insolubles. It appeared that the samples were

prepared from wet-acid grade phosphoric acid.

A third sample (Sample 3) was prepared by dissolving dry solid, particulate DAP (1 kg.) in distilled water

(1.34 liters). The third sample contained 23.13% by weight P2O5 and had a pH of 6.80.

15 The samples were each diluted and mixed with other components to adjust the complete liquid concentrate

fomnulation to a 40% solids containing solution of 18.53% P2O5. thereby fomiing mixtures of the following con-

tents (concentrations shown in weight percent):

Adjusted Adjusted Adjusted
Component Sample 1 Sample 2 Sample 3

Sample 80.67 80.11 80.11
Added Water 14.29 14.85 14.85
Hydroxypropyl guar 3.06 3.06 3.06
Sodium silicof luoride 0.92 0.92 0.92
Sodium thiosulfate 0.31 0.31 0.31
Thiotax MBT 0.12 0.12 0.12
Fugitive Color 0.55 0.55 0.55
Plutonic 0.08 0.08 0.08

30

To study various methods of ammeliorating the deleterious effects of impurities, further samples were prep-

ared by adding ammonia to aliquots of the above samples to adjust the pH to the levels indicated in the tables

below.

All samples were stored for 531 days at 23.3**C. Periodically during the first 74 days the samples were stir-

35 red to assure homogeneity and an aliquot removed and diluted to end-use concentration by mixing the aliquot

(80 gm.) with water (191 gm.) and stirring for five minutes. The viscosity of the diluted samples was measured
ten minutes and 24 hours after dilution. Viscosity was detenmined at ambient temperature with a Model LVF
Brookfield viscometer fitted with a No. 4 spindle rotating at 60 rpm. A final dilution and viscosity measurement
was made 513 days after initial preparation of the sample. The following table illustrates the viscosity measured

40 for the undiluted samples over time: (1 Cp = 10-^ Pa.s).)

Sample Viscosity { cps) after storage for ( days)

:

Sample 0 1 12 25 47 74 513
Unfiltered 6.6 130 47 97 80 100 87 below 100

Unfiltered 7.1 128 80 103 100 132 115 below 100

Filtered 6.4 53 200 153 103 128 90 below 100

Filtered 6.9 73 130 150 90 117 97 below 100

#3 (DAP) 7.8 80 130 130 80 130 110 below 100
50

The following table illustrates the 10 minute viscosity of the aliquots removed from the above described

concentrates and diluted to a final end use concentration.

16
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Sample Viscosity (cps) after storage for
(days)

:

Sample £H 0 1 12 25 47 74 513
Unf iltered 6.6 1550 1523 1610 1201 940 864 547
Unf iltered 7.1 1550 1607 1433 1270 1127 970 690
Filtered 6.4 1543 1393 1243 1055 850 605 340
Filtered 6.9 1543 1477 1323 1032 1008 827 550
#3 (DAP) 7.8 1570 1583 1607 1544 1485 1450 1190

10 In view of the above, it will be seen that the several objects of the invention are achieved and other advan-

tageous results attained.

Claims

15

1. A concentrate, comprising a fire retardant and a thickening agent, adapted to be mixed with water to

produce afire control mixture suitable for use In fire control, characterised in that the concentrate Is an aqueous
concentrate exhibiting a concentration of from 0.75% to 6% by weight of a thickening agent, a concentration

of at least 24% by weight solids derived from a fire retardant selected from diammonium phosphate, dlam-

20 monlum sulface, a blend ofdiammonium phosphate and diammonium sulfate, a blend ofmonoammonium phos-

phate and diammonium phosphate having a nItrogen-to-phosphorus ratio of at least 1.25, a blend of

monoammonium phosphate, diammonium sulfate and diammonium phosphate having a nltrogen-to-phos-

phorus ratio of at least 1.25, and polyammonlum phosphate, with the proviso that when polyammonlum phos-

phate Is the fire retardant component, it is admixed with at least one additional fire retardant component in an

25 amount sufficient to provide the solids percent by weight concentration derived from the fire retardant, and a
viscosity of less than 2 Pa.s (2000 centipoise), as detenmlned using a Brookfield viscometer operating at 60
r.p.m., with the proviso that the viscosity of the aqueous concentrate is substantially equal to or less than the

viscosity of the fire control mixture produced therefrom upon dilution with water.

2. An aqueous concentrate of Claim 1 wherein the concentration of solids derived from the fire retardant

30 comprises at most 75% by weight of total concentrate.

3. An aqueous concentrate of either Claim 1 or Claim 2, wherein the viscosity is not greater than 0.35 Pa.s.

(350 centipoise).

4. An aqueous concentrate of any of the preceding claims, wherein the thickening agent is a gum thickener.

5. An aqueous concentrate of Claim 4, wherein the gum thickener is a guar gum composition.

35 6. An aqueous concentrate of any of the preceding claims, which, upon dilution with sufficient water, yields

a fire control mixture characterised by exhibiting a fire retardant concentration of from 5% by weight to 20% by

weight and a viscosity of from 0.05 Pa.s. (50 centipoise) to 2 Pa.s. (2000 centipoise).

7. An aqueous concentrate of Claim 6, wherein the fire control mixture exhibits a viscosity of from 1 to 2
Pa.s. (1000 centipoise to 2000 centipoise).

40 8. A concentrate comprising a fire retardant and a thickening agent, adapted to be mixed with water to pro-

duce an aqueous fire control mixture, characterised by being an aqueous concentrate exhibiting a viscosity of

less than 0.05 Pa.s. (50 centipoise). a concentration of at least 0.75% by weight thickening agent, and a con-

centration of at least 24% by weight solids derived from a solid particulate fire retardant, the fire retardant in

solid fonm exhibiting characteristics such that (1) when phosphate-based, phosphoric acid Is released, when
45 sulfate-based, sulfuric acid, is released, and when phosphate/-sulfate-based, both phosphoric add and sulfuric

acid are released at a temperature below the ignition temperature of cellulose, and (2) upon being mixed with

water and a thickening agent in a ratio of (i) one part by weight of the fire retardant, from 6 parts by weight to

20 parts by weight water, and from 0.055 part by weight to 0.2 part by weight of the thickening agent, an aqueous
mixture is produced which exhibits a viscosity of from 1 Pa.s. (1000 centipoise) to 2 Pa.s. (2000 centipoise),

50 or (li) one part by weight of the fire retardant, less than about 4 parts by weight water, and from 0.055 part by
weight to 0.2 part by weight of the thickening agent, an aqueous mixture is produced which exhibits a viscosity

of less than 1 Pa.s. (1000 centipoise), and the fire control mixture being characterized by exhibiting a concen-

tration of from 0.2% by weight to 3% by weight thickening agent, a concentration of from 5% by weight to 20%
by weight solids derived from the solid particulate fire retardant, and a viscosity of less than 2 Pa.s. (2000 cen-

55 tipoise), with the proviso that the viscosity of the aqueous concentrate is substantially equal to or less than the

viscosity of the fire control mixture produced therefrom upon dilution with water, all viscosities being as deter-

mined using a Brookfield viscometer operating at 60 r.p.m.

9. An aqueous concentrate of Claim 8, wherein the solid particulate fire retardant is selected from mono-
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ammonium orthophosphate, diammonium orthophosphate, monoammonium pyrophosphate, diammonium

pyrophosphate, triammonium pyrophosphate, tetraammonium pyrophosphate, ammonium poiyphosphate,

substituted ammonium poiyphosphate, amide polyphosphate, metamine polyphosphate, ammonium-alkali

metal mixed salts of orthophosphate, ammoniunrvalkali metal mixed salts of pyrophosphate, ammonium-alkali

5 metal mixed salts of polyphosphate, ammoniunvalkaline earth metal mixed salts of pyrophosphate, ammonium-
alkaline earth metal mixed salts of polyphosphate, ammonium sulfate, and polyammonium phosphate, and

blends thereof, with the proviso that when poiyanrvnonium phosphate is the fire retardant component, it is

admixed with at least one additional fire retardant component in an amount sufficient to provide the solids per-

cent by weight concentration derived from the fire retardant.

10 10. A method that comprises diluting an aqueous concentrate according to any of the preceding claims

with water, thereby producing an aqueous fire control mixture having a viscosity equal to or greater than that

of the concentrate.

1 1. A method for controlling fires comprising the steps of:

(a) mixing an aqueous concentrate comprising a fire retardant and a thickening agent with water to produce

15 a fire control mixture; and

(b) releasing the fire control mixture from an aircraft to form a fire break in front of an oncoming fire, charac-

terised in that the concentrate is an aqueous concentrate adapted to be diluted with water, the concentrate

exhibiting a viscosity of less than 2 Pa.s. (2000 centipoise) and containing at least 0.75% by weight of a

thickening agent and at least 24% by weight solids derived from a solid particulate fire retardant, the fire

20 retardant in solid from exhibiting characteristics such that (1) when phosphate-based, phosphoric acid is

released, when sulfate-based, sulfuric acid is released, and when phosphate/sulfate-based, both phos-

phoric acid and sulfuric acid are released at a temperature below the ignition temperature of cellulose, and

(2) upon being mixed with water and the thickening agent in a ratio of (1) one part by weight of the fire retar-

dant, from 6 parts by weight to 20 parts by weight water, and from 0.055 part by weight to 0.2 part by weight

25 of the thickening agent, an aqueous mixture is produced which exhibits a viscosity offrom 1 to 2 Pa.s. (1 000

centipoise to 2000 centipoise), or (ii) one part by weight of the fire retardant, less than 4 parts by weight

water, and from 0.055 part by weight to 0.2 part by weight of the thickening agent, an aqueous mixture is

produced which exhibitsa viscosity of less than 1 Pa.s. (1000 centipoise), to produce a fire control mbcture

exhibiting a viscosity between 0.05 and 2 Pa.s. (50 centipoise and 2000 centipoise), with the proviso that

30 the viscosity of the aqueous concentrate is substantially equaltoorlessthan the viscosity of the fire control

mixture produced therefrom upon dilution with water, ail viscosities being as detenmined using a Brookfletd

viscometer operatiing at 60 r.p.m.

35 Patentanspruche

1. Konzentrat. enthaltend ein feuerhemmendes Mittel und einen Verdicker, zum Vermischen mit Wasser
unter Bildung einer fur die Brandbekampfung geeigneten Feueridschmischung, dadurch gekennzelchnet,

da& das Konzentrat ein wa&riges Konzentrat 1st, welches eine Konzentratlon des Verdickers von 0,75 % bis 6

40 Gew.-%, eine Konzentratlon der von einem feuerhemmenden Mittel, ausgewahit aus Diammoniumphosphat,

Diammoniumsulfat, einer Mlschung aus Diammoniumphosphat und Diamnnoniumsulfat, einer Mischung aus

Monoammoniumphosphat und Diammoniumphosphat mit einem Stickstoff/Phosphor-Verhaltnls von minde-

stens 1 , 25, einer Mischung aus Monoammonlumphosphat Diammoniumsulfat und Diammoniumphosphat mit

einem Stickstoff/Phosphor-Verhaltnis von mindestens 1,25, und Polyammoniumphosphat, abgeielteten Fest-

45 stoffe von mindestens 24 Gew. -%, mit der MaBgabe, daR, wenn Polyammoniumphosphat derfeuerhemmende

Bestandteil ist, dieses Material mit mindestens einem zusatzlichen feuerhemmenden Bestandteil in einer

Menge vermischt ist, die dazu ausrelcht, die auf das Gewicht bezogene Konzentratlon der von dem feuerhem-

menden Mittel abgeleiteten Feststoffe zu ergeben. und eine Viskositat von weniger als 2 Pa.s (2000 Centi-

poise), bestimmt unterVerwendung eines bei 60 min-^ betriebenen Brookfield-Viskosimeters, mit der MaBgabe,
50 daB die Viskositat des waBrigen Konzentrats im wesentlichen gleich Oder geringer ist als die Viskositat der dar-

aus durch Verdunnen mit Wasser gebildeten Feueridschmischung, aufwelst.

2. WaBriges Konzentrat nach Anspruch 1, worin die Konzentration der von dem feuertiemmenden Mittel

abgeleiteten Feststoffe hochstens 75 Gew. -% des gesamten Konzentrats ausmacht

3. WaBriges Konzentrat nach entweder Anspruch 1 Oder Anspruch 2, worin die Viskositat nicht groBer als

55 0,35 Pa.s (350 Centipoise) ist.

4. WaBriges Konzentrat nach einem der vorhergehenden Anspruche, worin der Verdicker ein Gummi-Ver-

dicker ist.

5. WaBriges Konzentrat nach Anspruch 4, worin der Gummi-Verdicker eine Guargum-Masse ist
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6. WaRriges Konzentrat nach einem der vorhergehenden AnsprOche, welche beim Verdunnen mit ausrei-

chend Wasser erne Feuerloschmischung ergibt, die dadurch gekennzeichnet ist, dad sie eine Konzentration

des feuerhemmenden Mittels von 5 Gew.-% bis 20 Gew.-% und eine Viskositat von 0,05 Pa.s (50 Centipoise)

bis 2 Pa.s (2000 Centipoise) aufweist.

5 7. WaHriges Konzentrat nach Anspruch 6, worin die Feuerloschmischung eine Viskositit von 1 bis 2 Pa.s

(1000 Centipoise bis 2000 Centipoise) aufweist

8. Konzentrat, enthaltend ein feuerhemmendes Mittel und einen Verdicker, zum Vermischen mit Wasser
unter Btldung einerfur die Brandbekampfung geelgneten Feuertdschmischung, gekennzeichnet durch ein

wallriges Konzentrat mit einer Viskositat von weniger als 0.05 Pa.s (50 Centipoise), elner Konzentration des

10 Verdickers von mindestens 0.75 Gew,-% und einer Konzentration dervon einem festen teilchenfonmigen feuer-

hemmenden Mittel abgeleiteten Feststoffe von mindestens 24 Gew.-%, wobel das feuerhemmende Mittel in

fester Fonfn solche Eigenschaften besitzt. daR (1 ). wenn Phosphorsaure aus Phosphat. Schwefelsaure aus Sul-

fatund PhosphorsSure und Schwefelsaure aus Phosphat/Sulfat freigesetzt werden, dies bei einer Temperatur

unterhalb der Entzundungstemperatur von Cellulose erfolgt, und (2) beim Venmlschen mit Wasser und einem

15 Verdicker in einem Verhaltnis von (i) 1 Gew.-Teil des feuerhemmenden Mittels. 6 Gew.-Telle bis 20 Gew. -Teile

Wasser und 0,055 Gew.-Teile bis 0.2 Gew.-Teite des Verdickers. eine wafkige Mischung gebildet wird, welche

eine Viskositat von 1 Pa.s (1000 Centipoise) bis 2 Pa.s (2000 Centipoise) aufweist. oder (ii) 1 Gew.-Teil des

feuerhemmenden Mittels. weniger als etwa 4 Gew.-Teile Wasser und 0,055 Gew.-Teile bis 0,2 Gew. -Teile des

Verdickers vennischtwenJ en, eine waBrige Mischung gebildet wird. die eine Viskositat von weniger als 1 Pa.s

20 (1 000 Centipoise) aufweist, und die Feuerloschmischung weiter dadurch gekennzeichnet ist, daB sie eine Kon-

zentration des Verdickers von 0,2 bis 3 Gew.-%. eine Konzentration der von dem festen teilchenfonmigen feuer-

hemmenden Mittel abgeleiteten Feststoffe von 5 bis 20 Gew. -% und eine Viskositat von weniger als 2 Pa.s

(2000 Centipoise) aufweist. mit der MaBgabe, daS die Viskositat des waBrigen Konzentrats im wesentlichen

gleich oder geringer ist als die Viskositat der daraus durch Verdunnen mit Wasser gebildeten Feuerioschmi-

25 schung, wobei samtliche Viskositaten unter Verwendung eines bei 60 min-i- betriebenen Brookfield-Viskosi-

meters bestimmt worden sind.

9. WaBriges Konzentrat nach Anspruch 8, worin das feste teilchenfSmnige feueriiemmende Mittel ausge-

wahlt ist aus Monoammoniumorthophosphat. Diammoniumorthophosphat. Monoammoniumpyrophosphat,
Diammoniumpyrophosphat. Triammoniumpyrophosphat. Tetraammoniumpyrophsphat. Ammoniumpolyphos-

30 phat, substituiertem Ammonlumpolyphosphat, Amidpolyphosphat, Melaminpolyphosphat. Ammonium-Alkali-

metall-orthophosphat-mischsalzen, Ammonium-Alkalimetall-pyrophosphat-mischsalzen,Ammonium-Alkali-

metall-polyphosphat-mischsalzen, AmmoniunrvErdalkalimetall-pyrophosphat-mischsalzen, Ammonium-Erdal-

kalimetall-polyphosphat-mischsalzen. Ammoniumsulfat und Polyammoniumphosphat sowie Mischungen
davon ausgewahit ist. mit der MaBgabe. daB, wenn Polyammoniumphosphat als feuerhemmender Bestandteil

35 eingesetzt wird, dieses Material mit mindestens einem weiteren feuerhemmenden Bestandteil in einer Menge
vermischt wird, die dazu ausreicht, die aufdas Gewicht bezogene Konzentration dervon dem feuerhemmenden
Mittel abgeleiteten Feststoffe zu ergeben.

10. Verfahren untfassend das Vermischen eines waBrigen Konzentrats nach einem der voriiergehenden

Anspruche mit Wasser unter Bildung einer waBrigen Feuerioschmischung mit einer Viskositat gleich oder gro-

40 Ber als der des Konzentrats.

11. Verfahren zur BrandbekSmpfung umfassend die Schritte:

(a) VenfTiischen eines waBrigen Konzentrats enthaltend ein feuerhemmendes Mittel und einen Verdicker

mit Wasser unter Bildung einer Feuertdschmischung; und

(b) Freisetzen der Feuerioschmischung aus einem Flugzeug unter Bildung eines Feuerschutzbereichs vor

45 einem sich ausbreitenden Feuer, dadurch gekennzeichnet. daB das Konzentrat ein waBriges Konzentrat

ist. welches mit Wasser verdGnnt werden kann. eine Viskositat von weniger als 2 Pa.s (2000 Centipoise)

aufweist und mindestens 0.75 Gew.-% eines Verdickers und mindestens 24 Gew.-% von einem festen teil-

chenfonmigen feuerhemmenden Mittel abgeleitete Feststoffe enthalt, welches feuerhemmende Mittel in

fester Form solche Eigenschaften aufweist, daB (1), wenn Phosphorsaure aus Phosphat, Schwefelsaure

50 aus Sulfat und Phosphorsaure und Schwefelsaure aus Phosphat/Sulfat freigesetzt werden. dies bei einer

Temperatur unterhalb der Entzundungstemperatur von Cellulose erfolgt. und (2) beim Vermischen mit

Wasser und einem Verdicker in einem Vertialtnis von (i) 1 Gew.-Teil des feuerhemmenden Mittels, 6 Gew.-

Teile bis 20 Gew.-Teile Wasser und 0,055 Gew.Teile bis 0,2 Gew.-Teile des Verdickers, eine waBrige

Mischung gebildet wird, welche eine Viskositat von 1 Pa.s (1000 Centipoise) bis 2 Pa.s (2000 Centipoise)

55 aufweist oder (ii) 1 Gew.-Teil des feuerhemmenden Mittels, weniger als 4 Gew.-Teile Wasser und 0.055

Gew.-Teile bis 0.2 Gew.-Teile des Verdickers vermischt werden, eine waBrige Mischung gebildet wird. die

eine Viskositat von weniger als 1 Pa.s (1000 Centipoise) aufweist und eine Feuerioschmischung ergibt,

die eine Viskositat zwischen 0.05 Pa.s und 2 Pa.s (50 Centipoise und 2000 Centipoise) aufweist, mit der
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Madgabe, cla& die Viskositat des walLrigen Konzentrats im wesentlichen gteich Oder geringer ist als die

Visl<ositat der daraus durch Verdunnen mit Wasser gebildeten Feuerldschmiscliung, wobei samtliche Vis-

kositaten unter Verwendung eines bei 60 mirr^ betriebenen Brookfield-Viskosimeters bestimmt worden

sind.

5

Revendications

1. Concentre comprenant un retardateur d'incendie et un agent ^paississant, congu pour dtre m^langd

10 avec de I'eau pour preparer un melange de lutte centre i'incendie convenant pour {'utilisation dans la lutte contra

rincendie, caract^risS en ce que le concentre est un concentre aqueux pr^sentant une concentration de 0J5
d 6 % en poids d'un agent ^paississant, une concentration d'au moins 24 % en polds de nnatidres solides d^ri-

vantd'un retardateur d'Incendie choisi parmi le phosphate diannmonique, le sulfate diammonique, un melange

de phosphate diammonlque et de sulfate diannmonique, un nn^lange de phosphate monoannmonique et de

15 phosphate diammonique ayant un rapport de I'azote au phosphore d'au moins 1 ,25, un melange de phosphate

monoammonlque, de sulfate diammonique et de phosphate diammonlque ayant un rapport de I'azote au phos-

phore d'au moins 1 ,25, et un polyphosphate d'ammonlum, sous reserve que lorsque le polyphosphate d'ammo-

nium est le constituant retardateur d'incendie. il est m^lang^ avec au moins un constituant retardateur

d'incendle suppl6mentaire dans une proportion suffisante pour donner la concentration pond6rale en pourcen-

20 tage de mati^res solides dSrivant du retardateur d'incendie, et une viscosity inf^rieure ^ 2 Pa.s (2000 centi-

poises), telle que d^termin^e en utilisant un viscosim^tre Brookfield foncttonnant d 60 t/mn, sous reserve que

la viscosity du concentre aqueux solt pratiquement 6gale ou inf^rieure ^ la viscosity du melange de lutte contre

rincendie pr^par6 ^ partir de celui-ci par dilution avec de I'eau.

2. Concentre aqueux selon la revendication 1, dans lequel la concentration des matl^res solides d^rivant

25 du retardateur d'incendie constitue au plus 75 % en poids du concentre total.

3. Concentre aqueux selon Tune des revendications 1 ou 2, dans lequel la viscosity n'est pas sup6rieure

^ 0,25 Pa.s (350 centipoises).

4. Concentre aqueux selon Tune quelconque des revendications pr^c^dentes, dans lequel Tagent Spais-

sissant est un agent ^paississant d base de gomme.
30 5. Concentre aqueux selon la revendication 4, dans lequel T^paississant k base de gomme est une compo-

sition de gomme guar.

6. Concentre aqueux selon Tune quelconque des revendications pr^c^dentes qui, par dilution avec une

quantity d*eau suffisante, donne un melange de lutte contre rincendie caract6ris6 en ce qu'il prdsente une

concentration en retardateur d'incendle de 5 % d 20 % en poids et une viscosity de 0,05 Pa.s (50 centipoises)

35 d 2 Pa.s (2000 centipoises).

7. Concentre aqueux selon la revendication 6, dans lequel le melange de lutte contre rincendie pr^sente

une viscosity de 1 d 2 Pa.s (1000 d 2000 centipoises).

8. Concentre comprenant un retardateur d'incendle et un agent 6paississant, congu pour 3tre m^langd

avec de i'eau pour produire un melange aqueux de lutte contre I'incendie, caract^risd en ce qu'il est un concen-

40 tr§ aqueux pr^sentant une viscosity inf^rieure d 0,05 Pa.s (50 centipoises), une concentration d'au moins 0,75

% en poids d'agent ^paississant. et une concentration d'au moins 24 % en polds de mati^res solides d^rivant

d'un retardateur d'incendle partlculaire solide, le retardateur d'lncendie sousfonne solide pr^sentant des carac-

tSristiques telles que (1) lorsqu'il est ^ base de phosphate, de I'acide phosphorique est lib^r^, lorsqu'il est ^

base de sulfate, de I'acide sulfurique est llb^r^ et lorsqu'il est d base de phosphate/sulfate. de I'acide phos-

45 phorique et de I'acide sulfurique sont tout deux lib^r^ d une temperature inf^rieure d la temperature de

combustion de la cellulose, et (2) lorsqu'il est melange avec de I'eau et un agent epaississant dans un rapport

(1) d'une partie en poids de I'agent retardateur d'incendle, de 6 parties en poids ^ 20 parties en poids d'eau

et de 0,055 partie en poids d 0,2 partie en poids de i'agent epaississant, on obtient un melange aqueux pr6-

sentant une viscosity de 1 Pa.s (1000 centipoises) ^ 2 Pa.s (2000 centipoises), ou (2) d'une partie en poids

50 de I'agent retardateur d'incendle, de moins d'environ 4 parties en poids d'eau et de 0,055 partie en poids k 0,2

partie en poids de I'agent epaississant, on obtient un melange aqueux pr^sentant une viscosity inf^rieure d 1

Pa.s (1000 centipoises), le melange de lutte contre rincendie etantcaract^rise en ce qu'il pr6sente une concen-

tration de 0,2 % en poids d 3 % en poids d'agent 6paississant, une concentration de 5 % en poids d 20 % en

poids de mati^res solides d^rivant de I'agent retardateur d'incendle partlculaire solide et une viscosity inf^rieure

55 d 2 Pa.s (2000 centipoises), sous reserve que la viscosity du concentre aqueux est pratiquement egale ou infe-

rieure ^ la viscosite du melange de lutte contre I'incendie prepare ^ partir de celui-ci par dilution avec de I'eau,

toutes les viscosites etant determinees en utilisant un viscosimetre Brookfield fonctionnant ^ 60 t/mn.

9. Concentre aqueux selon la revendication 8, dans lequel le retardateur d'incendle partlculaire solide est
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choisi parmi I'orthophosphate monoammonique, Torthophosphate diammonique, le pyrophosphate monoam-

monique, le pyrophosphate diammonique, le pyrophosphate triammonique, le pyrophosphate t^traammonique,

le polyphosphate d'ammonium. le polyphosphate d'ammonium substitu^, un polyphosphate d'amlde, un poly-

phosphate de m^lamine, des orthophosphates mixtes d'ammonium et de m^taux alcaiins, des pyrophosphates

5 mixtes d'ammonium et de m^taux alcaiins, des polyphosphates mixtes d'ammonium et de m^taux alcaiins, des

pyrophosphates mixtes d'ammonium et de m6taux alcalino-terreux, des polyphosphates mixtes d'ammonium

et de m^taux alcallno-terreux, le sulfate d'ammonium et le phosphate de polyamnfK>nium, et des melanges de

ceux-ci, sous reserve que iorsque le polyphosphate de polyammonium est le constituant retardateur d'incendie,

il est m^lang^ avec au molns un constituant retardateur dincendie suppl^mentalre dans une quantity suffisante

10 pour donner le pourcentage de mati^res solides en concentration pondSrale provenant du retardateur d'incen-

die.

10. Proc6d6 qui comprend la dilution d'un concentre aqueux selon I'une quelconque des revendications

pr^cddentes avec de Teau, produisant ainsi un melange aqueux de lutte centre I'incendie ayant une viscosity

^gale ou sup^rieure d celle du concentre.

15 11. Proc^dd de lutte contre les Incendles comprenant les stades conslstant d :

(a) m^langer un concentre aqueux comprenant un retardateur d'incendle et un agent ^palssissant avec

de I'eau pour produire un melange de lutte contre I'incendie ; et

(b) envoyer le melange de lutte contre I'incendie d'un avion pour fonmer un coupe-feu devant un feu se

rapprochant, caract^ris^ en ce que le concentre est un concentre aqueux destine d §tre diluS avec de I'eau,

20 le concentre pr6sentant une viscosity inf^rieure d 2 Pa.s (2000 centipoises) et contenant au moins 0,75

% en poids d'un agent ^paississant et au moins 24% en polds de mati^res solides d^rivant d'un retardateur

d'Incendie particulaire solide, le retardateur d'incendle sous fonme sotide pr^sentant des caract^ristlques

telles que (1) lorsqu'i! est k base de phosphate, de t'acide phosphorique est lib^rd, lorsqu'il est d base de

sulfate, de I'acide sulfurique est Ilb§r6 et lorsqu'il est d base de phosphate/sulfate, de I'acide phosphorique

25 et de I'acide sulfurique sent tout deux lib^r^s ^ une temperature inf^rieure au point d'inflammation de la

cellulose, et (2) lorsqu'il est m^lang^ avec de I'eau et I'agent ^paississant dans un rapport (1) d'une partie

en poids du retardateur d'Incendie, de 6 parties en poids d 20 parties en poids d'eau et de 0,055 partie en

poids k 0,2 partie en poids de I'agent ^paississant, on obtient un melange aqueux pr^sentant une viscosity

de 1 d 2 Pa.s (1000 d 2000 centipoises) ou (2) d'une partie en poids du retardateur d'Incendie, de molns

30 d'environ 4 parties en poids d'eau et de 0,055 partie en poids d 0,2 partie en poids de I'agent ^paississant,

on obtient un melange aqueux pr6sentant une viscosity inf6rieure k 1 Pa.s (1000 centipoises) pour produire

un melange de lutte contre I'incendie pr^sentant une viscosity comprise entre 0,05 et 2 Pa.s (50 et 2000

centipoises), sous reserve que la viscosity du concentre aqueux est pratiquement 6gale ou inf^rieure d la

viscosity du melange de lutte contre I'incendie prepare ^ partir de celui-ci par dilution avec de I'eau, toutes

35 les viscosit^s 6tant dStemnin^es en utilisant un viscosim^tre Brookfield fonctlonnant S 60 t/mn.
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